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1.0 INTRODUCTION

Tetra Tech NUS, Inc. (TtNUS) has prepared this Work Plan for the completion of a site assessment and
submittal of a Site Assessment Report (SAR) for Buildings 358, 425, and 436 at Naval Station (NS)
Mayport, Duval County, Florida. This Work Plan was prepared for the U.S. Navy (Navy) Southern
Division (SOUTHDIV) Navai Facilities Engineering Command (NAVFACENGCOM) under Contract Task
Order (CTO) 0123, for the Comprehensive Long-term Environmental Action Navy (CLEAN lll) Contract
Number N62467-94-D-0888.

The Work Plan provides the rationale for performing field activities associated with collecting data to
evaluate petroleum hydrocarbons in the subsurface at Buildings 358, 425, and 436 at NS Mayport. Data

collected during the investigation at Buildings 358, 425, and 436 will be used to prepare a SAR for each
location.

1.1 GENERAL SITE LOCATION

NS Mayport is located in eastern Duval County, approximately 16 miles northeast of downtown
Jacksonville, Florida. NS Mayport is located in Section 38 of Township 1 South, Range 29 East. A
base location map that shows its general location on the Mayport, Florida United States Geological
Survey (USGS) Quadrangle (7.5 Minute Series) is provided as Figure 1-1. Buildings 358, 425, and 436
are depicted on the site location map, presented as Figure 1-2.

1.2 OBJECTIVE

The objective of the proposed field investigation at each site is to evaluate the presence or absence of
petroleum hydrocarbons in subsurface soils and groundwater. The data collected during the
investigations will be used to prepare a SAR for each location and to evaluate the need for a remedial
action at the facility.

TtNUS/DFB-00-101/0506/3.2 1-1 CTO 0123
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2.0 SITE DESCRIPTION

The three source areas are located at differen: locations within the boundaries of NS Mayport. Building
358 is located at the Fleet Training Center on ‘he northeastern edge of the base, Building 425 is located
at the Bachelors Officers Quarters on the eastern edge of the base, and Building 436 is the Naval Air
Station transmitter on the northwestern comer of the base. The assessment areas are located adjacent
to the three buildings within the confines of tre NS Mayport.  Building 358 is the former location of a
10,000 aboveground storage tank (AST) and a 500-gallon gasoline underground storage tank (UST).
Building 425 is the location of a 1,000-galion AST used to store heating oil, and Building 436 is the
location of a 1,000-gallon fuel oil AST.

TtNUS/DFB-00-101/0506/3.2 2-1 CTO 0123
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3.0 SITE HISTORY

During the removal of the AST and UST at Building 3568, petroleum impacted soil was encountered in the
vicinity of the tanks.  Soils were screened around the tanks with an Organic Vapor Analyzer (OVA) and
showed elevated hydrocarbon vapors. However, laboratory analysis of the soil samples did not confirm
the presence of petroleum impacted soils at concentrations above Florida Department of Environmental

Protection (FDEP) target levels. The contractor did not delineate the impacted soil plume and removed
only the soil incidental to the tank removal.

Building 425, located at the Bachelors Officer's Quarters, was the site of two releases. The first release
occurred when the piping from a 1,000-gallon heating oil AST was ruptured by a utility contractor. The
release occurred approximately 50 feet north of Building 425 and approximately 500 gallons of heating oil
was reportedly released. Initial remedial actions were implemented immediately and approximately 65
cubic yards of soil was removed from the source area. The area was screened with an OVA to delineate
the extent of petroleum impacted soils. Groundwater samples were not collected, however free product
was collected at the bottom of the excavation. The second release at Building 425 occurred due to the
failure of a float valve that caused heating oil to reverse flow direction and discharge along the western
edge of Building 425, close to the foundation. Approximately 60 cubic yards of hydrocarbon impacted soil
was removed during the initial remedial action. However, due to the proximity to the foundation of the
building, all impacted soil was not removed. Laboratory analysis of the soil confirmed the presence of
volatile organic aromatics (VOAs) above FDEP target levels.

Building 436 is the location of a 1,000-gallon fuel oil AST. During installation of the tank, a disconnection
occurred in the piping system, which caused the release of heating fuel to an area along the southern
edge of the building foundation. An unknown quantity of impacted soil was removed from the source

area. The area in the vicinity of the release was screened with an OVA and hydrocarbon vapors were not
detected.

TtNUS/DFB-00-101/0506/3.2 31 CTO 0123
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4.0 SCOPE OF PROPOSED ASSESSMENTS AND MONITORING

The proposed scope of work for assessment activities at Buildings 358, 425 and 436 will take place in two
phases. Phase | will consist of instailing direct-push technology (DPT) borings and analysis of soil and
groundwater samples with a mobile laboratory to identify and delineate soil and groundwater
contamination. Fieldwork for all three sites will be coordinated to reduce the number of mobilizations.
Following the installation of the DPT borings and a preliminary delineation of the groundwater plume, the
FDEP and SOUTHDIV will be notified of investigation results and recommendations will be made for the
Phase Il assessment. Phase Il will consist of installation of monitoring wells to further delineate the extent
of groundwater contamination at the sites. Hollow-stem auger (HSA) drilling equipment will be utilized to
install the groundwater monitoring wells. Groundwater samples will be collected subsequent to monitoring
well installation. Using a fixed-based laboratory, the samples will be analyzed to determine the extent of
the dissolved phase groundwater contamination.

4.1 SOIL INVESTIGATION

The hydrocarbon soil contamination assessment will be conducted during the Phase | DPT borings. At
each site, three soil samples will be collected for analysis by a fixed based laboratory. Vadose zone soils
will be screened for hydrocarbon vapors following procedures for headspace analysis as required by
Chapter 62-770.200 FAC. A total of 15 DPT borings will be installed in each assessment area at Buildings
358 and 436, and 25 DPT borings will be installed at Building 425 due to the presence of two source
areas. The approximate proposed locations of the DPT borings are depicted on Figures 4-1 through 4-4.

Soil samples sent to a fixed-based laboratory will be analyzed for constituents of the Kerosene Analytical
Group (KAG), as defined in Chapter 62-770, FAC. Soil samples for Buildings 425 and 436 will also be
analyzed for Waste Oil constituents. In addition, three soil samples will be analyzed for total organic
carbon and one soil sample will be analyzed for grain size distribution and leachability parameters.

TtNUS/DFB-00-101/0506/3.2 4-1 CTO 0123
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The methodology for soil sampling will follow the revised procedures promuigated by the United States
Environmental Protection Agency (USEPA) in Update |l of SW-846 for sites contaminated with volatile
organic compounds (VOCs). EnCore™ samplers will be used for soil collection and to transfer soil
samples to the laboratory. This method assures the lowest loss of volatiles during collection and shipment
of soils. In order for the laboratory to analyze for low level and high level VOCs, five EnCore™ samplers
will be filled for each soil boring location. In addition, one 4-ounce jar with be filled for each soil boring

location for analysis of moisture content. All soil samples will be shipped to the laboratory on the same
day as collection to assure that the 48-hour holding time is not exceeded.

The on-site geologist will maintain a completed log of each boring. At a minimum, the boring log will
contain the following information:

. Sample Numbers and Types

° Sample Depths

. Sample Recovery/Sample Interval
. Soil Density or Cohesiveness

J Soil Color

) Unified Soil Classification System (USCS) Material Description
. Presence of Free Product (if applicable)

) Filtered / Unfiltered OVA Readings

The site's lithology will be assessed from soil samples collected during the installation of the monitoring
wells.

4.2 GROUNDWATER INVESTIGATION

It is anticipated that one upgradient, two downgradient, and one source area well will be installed to
delineate the dissolved hydrocarbon plumes at each of the sites. Four additional wells will be installed at
Building 425 due to the presence of two source areas. A vertical extent well will also be installed near the
source area at each of the sites. The shallow water table monitoring wells will be installed approximately
15 feet below land surface (bls) and the vertical extent monitoring wells will be installed approximately 30
feet bls. The wells will be required to assess the horizontal and vertical extent of dissolved hydrocarbons
at the three sites. The proposed monitoring well locations will be determined based on groundwater and

TtNUS/DFB-00-101/0506/3.2 4-6 CTo 0123
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soil quality data collected from the DPT borings during Phase |. The proposed locations for monitoring
wells will be discussed with the Navy and FDEP prior to the field investigation. Modifications to the
proposed locations may be necessary due to underground and aboveground utilities.

4.2.1 Monitoring Well Installation

Permanent monitoring wells will be installed using hollow stem auger drilling techniques. These wells will
be used to monitor water quality and evaluate the horizontal and vertical extent of contamination.
Monitoring wells will be constructed of 2-inch inside diameter (ID) Schedule 40, flush-joint poly vinyl
chloride (PVC) riser and flush-joint factory slotted well screen. Each section of casing and screen shall be
National Sanitation Foundation (NSF) approved. Screen slot size shall be 0.01 inch. The shallow
monitoring wells will be constructed with 10 feet of screen with the top of the screen interval positioned
approximately 4 feet above the water table. The vertical extent monitoring well will be constructed with 5
feet of screen with the top of the screen interval positioned approximately 10 to 15 feet below the bottom
of the shallow wells. After the borings are drilled to the desired depth, (6-inch minimum diameter boring
for 2-inch ID wells), the well will be installed through the augers.

The lithology has been sufficiently characterized from previous investigations at NS Mayport. Therefore, a
sieve analysis of the soils is not needed in determining the type of sand pack and screen slot size for well
completion. Clean silica sand of U.S Standard Sieve Size No. 20/30 wiill be installed into the boring
annulus around the well screen as the augers are withdrawn from the boring. Due to the expected
shallow depths of the monitoring wells, (less than 15 feet), it is proposed that the sand pack be poured
around the annulus from the top of the hole. The sand pack will be set from the bottom of the hole to
approximately 1 foot above the top of the well screen. A minimum 1-foot thick bentonite peliet or fine sand
seal will be installed above the sand pack. Borings that are not converted to monitoring wells will be
backfilled with a Type | Portland cement/bentonite grout. The depths of all backfill materials will be
constantly monitored during the well installation process by means of a weighted stainless steel or
fiberglass tape. The position of the top of the screen interval, sand pack and bentonite seal may be
adjusted as site conditions warrant (elevated water table, etc.)

Flush mounted steel well covers and manholes will be installed around the 2-inch ID wells. The manhole
will consist of flush mounted 22-gauge steel, water resistant, welded box with 3/8-inch steel lid. A 2-foot
by 2-foot by 6-inch thick concrete apron will be constructed around the manhole. The manhole shall be
completed 2 inches above existing grade and the apron tapered to be flush with the existing grade at the

TtNUS/DFB-00-101/0506/3.2 4-7 CTO 0123
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edges such that water will run off of the apron. A detail of a typical flush-mounted well is shown on Figure
4-5.

All locks supplied for the wells will be keyed alike. After installation, the ground surface, and the top of the
PVC riser pipe will be surveyed to within 0.01-foot vertical accuracy using datum points as discussed
previously in Section 4.0. A monitor well construction diagram will be completed for each well installed. A
sample of the monitoring well construction form is provided in Appendix A.

The monitoring wells will be developed no sooner than 24 hours after installation to remove fine material
from around the mdnitored interval of the well. Wells will be developed by bailing and surging, or by
pumping, as determined by the field geologist. The pH, temperature, specific conductance, and turbidity
measurements will be collected from the purge water. Wells will be developed up to a maximum of one
hour or until these measurements become stable and the purge water is visibly clear. Water quality
stabilization will be determined using the following criteria: temperature (+/-0.50c¢), pH (+/-0.1unit), specific
conductivity (4-/-10 umhos/cm), and turbidity (within a 10 Nepelometric Turbidity Unit (NTU) range for 2
consecutive readings). Wells will be developed until approved by the field geologist.

4.2.2 Groundwater Sampling

Following installation of the monitoring wells, groundwater samples will be collected for analysis for KAG
and Waste Oil constituents. In addition the samples will be field screened for dissolved oxygen, carbon
dioxide, and ferrous iron. Laboratory analysis for nitrate, sulfate, sulfide and methane will also be
performed on samples from selected monitoring wells.

Groundwater samples will be obtained from assessment monitoring wells at Buildings 358, 425 and 436 in
accordance with TtNUS' Comprehensive Quality Assurance Plan (CompQAP) (FDEP Comp QA Plan No.
980038). Prior to obtaining samples, water levels and total well depths will be measured and the wells will
be purged using a peristaltic pump and a low flow quiescent purging

TtNUS/DFB-00-101/0506/3.2 4-8 CTO 0123
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technique. Three to five well volumes will be purged. If wells are purged dry with less than three well
volumes removed, the water level in the well will be allowed to recover at least 80 percent, then a sample
will be collected. Field measurements of pH, temperature, specific conductance, and turbidity will be
taken after each volume of water is purged. Stabilization of the above parameters is defined in the
previous paragraphs. If these parameters do not stabilize after three volumes, up to five volumes will be
removed. Before purging, a clear bailer or an oil water interface probe will be used to check for free
product. No samples will be collected from a well that exhibits measurable free product. The thickness of
the free product will be measured and recorded. Samples will be obtained using a peristaltic pump and a
low flow quiescent sampling technique. The samples will be transferred directly into the appropriate (pre-
preserved) sample bottles for analysis. Samples to be analyzed for volatile constituents shall be taken
first and immediately sealed in the vial so that no headspace exists. The sample constituents to be
analyzed are summarized in Table 4-1.

TtNUS/DFB-00-101/0506/3.2 4-10 CTO 0123
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Table 4-1
Field Investigation Environmental Sample Summary
Buildings 358, 425 & 436
Naval Station
Mayport, Florida
Analyte Proposed Env. Rinsate IDW Trip Blanks Total
1 Samples Samples
Method (1) P Blanks Samples(2) (Aqueous) P
GROUNDWATER
PPL-VOC, Non | SW-846 22 1 1 1 25
PPL-VOC 82608
PPL-SVOC SW-846 22 1 1 0 24
8270C
PAH SW-846 8310 22 1 1 0 24
LEAD EPA 239.2 22 1 1 0 24
TRPH FL-PRO 22 1 1 0 24
EDB EPA 504.1 22 1 1 0 24
Anions EPA 300 3 1 0 0 4
Sulfide EPA 376.2 1 0 0 4
Methane RSK SOPs 1 0 0 4
147 and 175
SOIL
PPL-VOC SW-846 9 0 1 0 10
8260B
PPL -SVOC SW846 8270C | 9 0 1 0 10
PAH SW-846 8310 9 0 1 0 10
TRPH FL-PRO 9 0 1 0 10
Total Lead SW-846, 6 0 1 0 7
60108
Ar,Cdand Cr | SW-846, 6 0 1 0 7
60108
8 RCRA Metals | SW-846 0 0 1 0 1
6010B
Total Halogens | SW-846 0 0 1 0 1
(TOX) 5060/0956
Total Organic ASTM D2974- | 9 0 0 0 9
Carbon (FOC) | 87
Grain size ASTM D422 3 0 0 0 3
distribution
Leachability SW846-1312 3 0 1 0 4
including
80218, 8310
TOTAL 204 9 15 1 229

Notes on following page.
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Notes:

(1) Method referenced reflects FDEP requirements.

(2) IDW sample numbers based upon disposing of ten 55-gallon drums (1 composite sample)
liquid and ten 55-gallon drums (1 composite sample) of soil.

All analyses are analyzed using standard 30-day laboratory turn around time.

4.2.3 Groundwater Level Measurements

Synoptic water level measurements will be taken from all monitoring wells at the sites. Static water level
measurements will be measured from the north rim of the top of the PVC riser pipe using an electronic
water level indicator. The newly instailed wells shall be notched and marked so that the same point will be
referenced for all measurements. The depth to water will be measured to the nearest 0.01 foot below the
top of the PVC riser pipe. Water level measurements will be recorded to the nearest 0.01 foot in the
appropriate field logbook.

4.3 AQUIFER TESTS

TtNUS will utilize existing groundwater data from previous aquifer tests performed at the base to
determine hydraulic conductivity values of the aquifer at the three sites.

4.4 EQUIPMENT DECONTAMINATION

The equipment involved in field sampling activities will be decontaminated prior to and during drilling and
sampling activities in accordance with TtNUS's Standard Operating Procedures (SOP) and CompQAP.
This equipment includes drill rigs, downhole tools, augers, well casing and screens, and soil and water
sampling equipment.

441 Major Equipment

All downhole drilling equipment used in the construction and sampling of permanent monitoring wells,
including downhole drill and sampling tools shall be steam cleaned prior to beginning work, between
boreholes, any time the drill rig leaves the drill site prior to completing a boring, and at the conclusion of
the drill program.

TtNUS/DFB-00-101/0506/3.2 4-12 CTO 0123
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These decontamination operations will consist of washing equipment using a high-pressure steam wash
from a potable water supply and Alconox. Then the equipment will be rinsed with tap water. All
decontamination activities will take place at a predetermined location. Additional requirements for drilling

equipment decontamination can be found in SOP SA-7.1 included in Appendix B.

442 Sampling Equipment

All equipment such as trowels, bailers, and split spoon samplers used for collecting samples will be

decontaminated prior to beginning field sampling and between sample locations. The following
decontamination steps will be taken:

U Tap water and Alconox or Liquinox detergent rinse.
. Tap water rinse.
. If trace metals are to be sampled rinse with 10-15% reagent grade nitric acid (the nitric acid

should not be used on stainless steel sampling equipment).

. Rinse thoroughly with de-ionized, analyte-free water.
. Rinse with isopropanol

) Rinse thoroughly with de-ionized, analyte-free water
) Air dry.

. Wrap equipment in aluminum foil until use.

Field meters such as pH, conductivity, and temperature instrument probes will be rinsed first with tap
water, then with de-ionized, analyte-free water, and finally with the sample liquid.

4.5 WASTE HANDLING

Drili cuttings from drilling activities and purge water will be collected and containerized in Department of
Transportation (DOT) approved (Specification 17C) 55-gallon drums. Each drum will be sealed, labeled
and left at a drum staging area pending groundwater analytical results and/or composite waste sample
results for disposal. A waste staging area will be established at the site to store investigative-derived
waste (IDW) generated during the site assessment investigation. A lined decontamination pad will be
constructed and used to collect the water from steam cleaning of drilling equipment. All decontamination
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materials generated during the site investigation will be containerized for proper disposal. The disposal of
IDW will be coordinated through NS Mayport.

4.6 SAMPLE HANDLING

Sample handling includes the field-related consideration concerning the selection of sample containers,
preservatives, allowable holding times, and analysis requested. In addition, sample identification,
packaging, and shipping will be addressed. All sample handling procedures will be in accordance with
TtNUS's FDEP approved CompQAP No. 980038 dated August 25, 1999.

4.7 SAMPLE PACKAGING AND SHIPPING

Samples will be packaged and shipped in accordance with TtNUS' CompQAP. The field operations leader
(FOL) will be responsible for compietion of the following forms when samples are collected for shipping:

) Sample labels

) Chain-of-Custody labels

. Appropriate labels applied to shipping coolers
. Chain-of Custody Forms

. Federal Express Air Bills

TNUS’ CompQAP addresses the topics of containers and sample preservations. A summary of
bottleware requirements, preservation requirements, and sample holding times are provided in

Table 4-2.
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Table 4-2
Summary of Analysis, Bottleware Requirements, Preservation Requirements, and Holding Times
Naval Station Mayport, Florida
Parameter Analytical Sample Preservation Maximum
|Method Container Volume Holding Time (1)

Aqueous Samples
VOHSs, VOAs, and MTBE}SW-846 Method 8021B Glass Volatile Vial|2 x 40 mi |Add HCI to pH < 2; Chill to 4 14 days

degrees Celsius
1,2-Dibromomethane EPA Method 504.1 Glass Volatile Vial{40 mi Add HClI to pH < 2; Chill to 4 28 days

degrees Celsius
PAHs SW-846 Method 8310 Amber Glass 1L Add .008% Na2S203;Chill to 4 {7 days until extraction; 40 days to

degrees Celsius analysis
Lead (Total and EPA Method 239.2 High Density 500 ml  {Chill to 4 degrees Celsius 180 days
dissolved) Polyethylene
Arsenic, Cadmium, & SW-846 60108 High Density 250 ml HNO3 180 days
Chromium ) Polyethylene
Anions (Nitrate & Sulfate |SW-846 9056 High Density 500 mi Chilt to 4 degrees Celsius 48 hours

Polyethylene
Methane RSK SOPs 147 and 175 Glass Volatile Vial[40 mi Chill to 4 degrees Celsius 7 days
Sulfide EPA 376.2 High Density 1L NaOH 7 days
Polyethylene

TRPH FL-PRO Glass 1L Add H2S04 to pH <2; Chill to 4 |28 days

degrees Celsius

VOHs - Volatile Organic Halocarbons

VOAs - Volatile Organic Aromatics

MTBE - Methyl-tert-butyl-ether

PAHs - Polynuclear Aromatic Hydrocarbons

TRPH - Total Recoverable Petroleum Hydrocarbons
RCRA - Resource Conservation and Recovery Act

TtNUS/DFB-00-101/0506/3.2 4-15

H2S04 - Suifuric acid
HCI - Hydrochloric acid

(1) - Holding time is measured from date of sample collection to date of sample analysis.
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Parameter Analytical Sample Volume |Preservation Maximum
Method Container Holding Time
Solid Samples
VOHs, VOAs, and MTBE |SW-846 Method 80218 EnCore Sampler 5 x 5g Chill to 4 degrees Celsius; Lab to 14 days
preserve within 48 hours of
samples (2)
RCRA Metals SW-846 Method 6010B/7000A |Clear Wide Mouth 4 ounces |Chill to 4 degrees Celsius 180 days; except mercury 28 days
series Glass
TRPH FL-PRO Clear Wide Mouth 4 ounces (Chill to 4 degrees Celsius 28 days
Glass
PAHs SW-846 Method 8310 Clear Wide Mouth 8 ounces [Chill to 4 degrees Celsius 14 days to extraction;40 days to analysis
Glass
Total Halides SW-846 Method 5050/9056  |Clear Wide Mouth 500 ml  |Chill to 4 degrees Celsius 28 days
Glass

VOAs - Volatile Organic Aromatics
VOHs - Volatile Organic Halocarbons
MTBE - Methyl-tert-butyi-ether

(1) - Holding time is measured from date of sample collection to date of sample

analysis.

PAHs - Polynuclear Aromatic Hydrocarbons
TRPH - Total Recoverable Petroleum Hydrocarbons
RCRA - Resource Conservation and Recovery Act

TtNUS/DFB-00-101/0506/3.2

H2S04 - Sulfuric acid

HCI — Hydrochloric acid
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4.3 SAMPLE IDENTIFICATION

Each sample collected will be assigned a unique sample tracking number. The sample tracking number
will consist of a three-segment, alpha-numeric code that identifies the building number (the Site), sample
medium, location, the sampling event identifier or sample depth (in case of soil samples) and the QC

designation, if applicable. Any other pertinent information regarding sample identification will be recorded
in the field logbook.

The alpha-numeric coding to be used in the sample system is explained in the subsequent definitions:

NN (N or A - (Building Designation)

AA- (Medium)

AANN -  (Location)

NNN (N)-  (QC Designation, if applicable)

Character Type:

A = Alpha

N = Numeric
Medium:

GW = Groundwater sampie form a monitoring well
SS = Subsurface soil sample taken via soil boring

TW = Temporary well groundwater sample

Sample Location:

Subsurface soil sample locations (SS) will correspond to the boring number (i.e., SB02)

Groundwater sample locations (GW) will correspond to the well number (i.e., 58-1)
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Temporary well groundwater sample locations (TW) will correspond to the temporary well number (i.e.,
58-TW1)

Sample |dentifier:

For soil samples = Sample depth interval, in feet

For groundwater = Sampling round
QA Sample Designation:

D = Duplicate

F = Field Blank

B = Equipment Rinsate Blank

T = Trip Blank

For example, a groundwater sample collected from monitoring well MW-01 at Building 1360 UST would
be designated as 1360-GW-MWO01-001.

A duplicate sample from that same well would be 1369-GW-MW01-001D.

A subsurface soil sample taken from Monitoring Well Boring 01 at Building 1360 UST, at a depth of 4 to 6
feet bls would be 1360-SS-MWO01-0406.

Information regarding sample labels to be attached before shipment to a laboratory is contained SOP SA-

6.3 included in Appendix B. Examples of sample labels, chain of custody seals, and chain-of-custody
forms are included in Appendix B.

4.9 SAMPLE CUSTODY
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The chain-of-custody begins with the release of the sample bottles from the laboratory and must be
documented and maintained from that point forward. To maintain custody of the sample bottles or
samples, they must be in someone's physical possession, in a locked room or vehicle, or sealed with an
intact custody seal. When the possession of the bottles or samples is transferred from one person to
another it will be documented on the field logbook and on the chain-of-custody.

4.10 QUALITY CONTROL (QC) SAMPLES

In addition to periodic calibration of field equipment and appropriate documentation, quality control (QC)
samples will be collected or generated during environmental sampling activities. QC samples may
include field blanks, field duplicates, field replicates, and trip blanks. Each type of field QC sample is
defined as follows:

Rinsate Blank - Rinsate blanks are obtained under representative field conditions by running organic free
water through sample collection equipment (bailer, split-spoon, etc.) after decontamination and placing it
in the appropriate containers for analysis. Rinsate blanks will be used to assess the effectiveness of
decontamination procedures. If necessary, rinsate blanks may be collected for each type of non-
dedicated sampling equipment used and will be submitted as shown in Table 4-1.

Field Duplicate - Field duplicate(s) are two water samples collected independently at a sample location
during a single act of sampling under representative field conditions. Field duplicates sample frequencies
are provided in Table 4-3. If necessary, the duplicates shall be analyzed for the same parameters in the
laboratory as indicated in Table 4-1.

Trip Blanks - Trip blank(s) will be prepared at the laboratory facility and will accompany the VOA vials to
the sampling site and back to the laboratory. Trip blanks are not required by the FDEP uniess 10 or
more volatiles samples are collected during a given sampling event. Trip blank sample frequency are
provided in Table 4-3
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No. Precleaned Field cleaned Trip BLK Duplicate
Samples Equipment BLK Equipment BLK (VOCs) 1
10+ Minimum of Minimum of one minimum
one one per one

then 5% then 5% cooler then 10%
5-9 one* one* NR one i
<5 one* one* NR NR |
NR = Not required {
BLK = Blank |
*Note: For 9 or fewer samples, a precleaned equipment blank or a field cleaned equipment blank is ;

required. A field cleaned equipment blank must be collected if equipment is cleaned in the ‘
field. ‘

4.11 FIELD MEASUREMENTS

Certain field measurements will be recorded during sampling activities including groundwater
temperature, pH, specific conductance, and turbidity. Instruments used in the field to record this data

and additional instruments will be calibrated according to the procedures described below.

4111 Parameters

. Air monitoring - OVA

. Temperature - Temperature probe

. Specific conductance - Specific conductance meter
U pH - pH meter

. Turbidity - Turbidity meter

. Depth to water table - interface probe
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4.11.2 Equipment Calibration

The electronic water-level indicator will be calibrated prior to mobilization and periodically at the discretion
of the FOL. The remaining instruments will be calibrated daily and/or according to the manufacturer's
operation manual.

Calibration will be documented on an Equipment Calibration Log as shown in Appendix A. During
calibration, an appropriate maintenance check will be performed on each piece of equipment. If
damaged or defective parts are identified during the maintenance check and it is determined that the
damage could have an impact on the instrument's performance, the instrument will be removed from
service until defective parts are repaired or replaced.

4113 Equipment Maintenance

Measuring equipment used in environmental monitoring or analysis and test equipment used for
calibration and maintenance shall be controlled by established procedures. Measuring equipment shall
have an initial calibration and shall be recalibrated at scheduled intervals against certified standards.

TtNUS maintains a large inventory of sampling and measurement equipment. In the event that failed
equipment cannot be repaired repiacement equipment can be shipped to the site by overnight express
carrier to minimize downtime.

4.12 RECORD KEEPING

In addition to chain-of-custody records associated with sample handiing and paclkaging and shipping,
certain standard forms will be completed for sample description and documentation. These shall include
sample log sheets (for soil and groundwater samples), daily activity record and logbooks. An example of
these forms can be found in Appendix A.

A bound/weatherproof field notebook shall be maintained by each sampling event leader. The field team
leader or designee, shall record all information related to sampling or field activities. This information
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may include sampling time, weather conditions, unusual events (e.g., well tampering), field
measurements, descriptions of photographs, etc.

A site logbook shall be maintained by the FOL. The requirements of the logbook are referenced in

Appendix B. This book will contain a summary of the day's activities and will reference the field
notebooks when applicable.

Each field team leader who is supervising a drilling subcontractor activity must complete a Daily Activities
Record (DAR). The DAR documents the activities and progress of the daily drilling activities. The
information contained within this report is used for billing verification and progress reports. The driller's
signature is required at the end of each working day to verify work accomplished, hour's worked, standby

time and material used. An example of this form is provided in Appendix A.

At the completion of field activities, the FOL shall submit to the Project Manager all field records, data,
field notebooks, logbooks, chain-of-custody receipts, sample log sheets, drilling logs, daily logs, etc.

413 SITE MANAGEMENT AND BASE SUPPORT

TtNUS will perform this project with support from the Navy. This section of the Work Plan describes the
project contacts, support personnel, project milestones and time frames of all major events.

Throughout the duration of the investigation activities, work at NS Mayport be coordinated through
SOUTHDIV and NS Mayport personnel. The primary contacts are as follows:

1.  SOUTHDIV Engineer in Charge
Ms. Beverly Washington
(843) 820-5581

2. NS Mayport Engineering Officers
Mr. Jan Bouvier
(904) 270-6730
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The following support functions will be provided by NS Mayport personnet:

) Assist TtNUS in locating underground utilities prior to the commencement of drilling operations.

o Provide existing engineering plans, drawings, diagram, files, etc., to facilitate evaluation of the
Site under investigation.

. Provide all historical data, background geological and hydrogeological information, and initial site
investigation documents.

NS Mayport personnel will aid in arranging the following:

. Personnel identification badges, vehicle passes, and/or entry permits.

. A secure staging area (approximately 1,000 square feet) for storing equipment and supplies.

. A supply (e.g., fire hydrant, stand pipe, etc.) of large quantities of potable water for equipment

cleaning etc.

. As required, provide escorts for contract personnel working in secured areas.

. Establish a decontamination area and waste staging area located adjacent to or near the study
area.

The project will be staffed with personnel from TtNUS' Deerfield Beach and Jacksonville, Florida offices.
During field activities, TtNUS will provide a senior level geologist and/or staff geologist, and equipment
technician(s).

Mr. Rick Ofsanko, is the Task Order Manager (TOM) for CTO 0123 and will be the primary point of
contact. He is responsible for cost and schedule control as well as technical perfformance. Mr. Ofsanko
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will serve as the TOM and will provide senior level review and oversight during field activities. Mr.
Ofsanko will be the primary point of contact for the FOL.

4.13.1 Contingency Plan

In the event of problems that may be encountered during site activities, the SOUTHDIV point of contact
will be notified immediately, followed by the TtNUS project manager and the NS Mayport personnel point
of contact. The project manger will determine a course of action that will not interfere with the schedule

or budget. All contingency plans will be approved through the SOUTHDIV point of contact before being
enacted.
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5.0 PROPOSED LABORATORY ANALYSIS

Groundwater samples and soil samples collected for laboratory analyses will be analyzed in accordance
with parameters as identified in Chapter 62-770.800 (see Sections 5.1 and Section 5.2 below for specific
sampling requirements regarding soil and groundwater).

5.1 SOIL INVESTIGATION

Three soil samples will be collected from each site and analyzed for VOC, Semi-Volatile Organic
Compounds (SVOCs), Polynuclear Aromatic Hydrocarbons (PAHs), Total Recoverable Petroleum
Hydrocarbons (TRPH) and Fraction of Organic Carbon (FOC). In addition three samples will be collected
from Building 425 and 436 for total Lead, Arsenic, Cadmium and Chromium. Three samples, one from
each site, will be analyzed for leachability parameters and grain size distribution. Parameters within these
groups are identified on Table 4-1. The soil samples will be collected from the area of highest
contamination within the soil boring as indicated by OVA screening.

5.2 GROUNDWATER INVESTIGATION

Groundwater samples will be collected from permanent monitoring wells at Buildings 358, 425 and 436.
These samples will be analyzed for VOCs, SVOC, PAHSs, Ethylene Dibromide (EDB), TRPH, Total Lead,
Arsenic, Cadmium and Chromium. In addition, groundwater samples from each site will be analyzed for
natural attenuation parameters, which include dissolved methane, anions, and sulfide.

A groundwater environmental sampling summary and a summary of IDW sample parameters are
summarized in Table 4-1.
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6.0 PROPOSED SCHEDULE

The assessment activities are proposed to begin in May 2000 and take approximately two months to
complete the fieldwork. The SAR will be developed with the completion of the assessment activities and
submitted to the Navy for review within 60 days of assessment completion.
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7.0 REPORTS

Upon completion of all field work and laboratory analysis, a SAR will be written for each facility that
summarizes the results of the investigation for submittal to the FDEP and the Navy. Basic site
information including site Facility Identification Number, facility name and address, date closed, area,
type of system and capacity will be provided. Also included in these reports will be graphical
presentations of the groundwater screening results, and complete summaries of the soil and groundwater
analytical results. The locations of the soil samples and monitoring wells will be presented on scaled
figures. Boring logs, chain-of-custody forms, field forms, field screening results, and analytical reports
will be included in Appendices of the reports. The SARs will recommend the completion of a remedial
action plan, monitoring only plan, or no further action for each facility.
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Florida Department of Environmental Protection, July 15, 1998. New Soil Sampling Procedures and
Recommended EPA Analytical Methods (per changes to USEPA SW-846) and Other Quality Assurance
Issues for the Division of Waste Management.

Tetra Tech NUS, Inc., 1999 Revision. Comprehensive Quality Assurance Plan, FDEP COMP QA PLAN
# 980038.
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PAGE 4

Reference Electrode (circle one): Silver-Silver Chioride / Calomel / Hydrogen

FIELD ANALYTICAL LOG SHEET
R GEOCHEMICAL PARAMETERS
Tetra Yech NUS, Inc. Page _of _
Project Site Name: Sample 1D No.;
Project No.: Sample Location:
Sampled By: Duplicate: [ ]
Field Analyst: Blank: O
Field Form Checked as per QA/QC Checklist (Initials): I |
SAMPLING DATA:
IDlte: Color pH S.C. Temp. Turbidity - DO Salinity Other
Time: i) | s.U) | (msemy | CO (NTU) (mg) (%)
IMelhod:
SAMPLE COLLECTION/ANALYSIS INFORMATION:
ORP (Eh) (+/- mv): Electrode Make & Model:

Dissolved Oxygen:

|Equipment: HACH Digital Titrator OX-DT CHEMetrics (Range: mght) Analysis Time:
Range Used: Range ISampIe Vol. |Cartr1dge l Multiplier Titration Count Multiplier I Concentration
J 1.5 mgiL 200m  0200N 0.1 x001 = mglL
| O 2-10 mg/L 100m  0200N 0.2 x002 = mgiL
pHEMetﬁcs: mg/lL
Notes:
Alkalinity: Analysis Time:
LEqu'vtmnt HACH Digital Titrator AL-DT  CHEMetrics (Range: mgiL) Filtered: O
[ “Range Used: | Range  [Sample Vol. [Caridge | Multpber| Titration Gount Muttipier | Concentration
' 10-40 mglL 100m  0.1600N 0.1 [ x0.1 - mglL
40-160 mglL 25m  0.1600N . 0.4 [ x04 = moiL
100400mgA  100m __ 1.800N 1.0 & X0 = mgAL
| _200-800 mo. SOm__ 1.600N 20 | [ X20 = moA
_D | 6002000mpt  20m _ 1.600N 60 s X80 = mgl.
O 10004000mgh__ 10m__ 1.600N _ 10.0 . X100 = mot
Parsmeter. Hydroxide Carbonate Bicarbonate
Relationship:
cs: oy
Standard Addiions: || _Titrant Molarity: Digits Required: fst.______ 2nd.___ 3.
Carbon Dioxide:
quipment: HACH Digital Thrator CA-DT  CHEMetrics (Range: mglL) Analysis Time:
| Range Used: Range |Sample Vol. [Cartridge | Muttipher Titration Count | | Concentration
10-50 mgA. 200m  0.3638N 0.1 x0.1 . . mglL
: [ 20-100 mgAL 100m  0.3836N 0.2 %02 = mgAL
O 100400mgl.  200m  3636N 1.0 X0 = oy
{—U 200-1000mg.  100ml  3.638N 20 X20 = mgA.
HEMetrics: mglL '
Notes:
Addtions: [ | TwantMotsty______  Digits Required: 18t andi_____ i




[

FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS

Tetra Tech NUS, Inc. Page _ of __
Project Site Name: Sample ID No.:
[ Project No.: Sample Location:
Sampled By: Duplicate: [J
Field Analyst: Blank: OdJ
Field Form Checked as per QA/QC Checklist (initials): | |
SAMPLE COLLECTION/ANALYSIS INFORMATION:
Sulfide (5):
Equipment: DR-700 DR-8 _ _ HS-WR Color Whee! Other: Analysis Time:
lProgram/Module: 610nm 93 ’
iConcentraﬁon: mgiL Filtered: D
Notes:
Sulfate (S0%):
Equipment: DR-700 DR-8 __ Other: Analysis Time:
ProgramvModule: 91
Concentration: mg/L Filtered: D
Standard Solution: D Resuits:
Standard Additions: D Digits Required: 0.1mi: 0.2ml: 0.3mi:
Notes:
Nitrite (NO,-N): Analysis Time:
DR-700 DRS__  Other Fitered: [
60 . ’ .
nirstion: mglL Resgent Biank Correction: [_]
Standard Solution: [ ] Resurs: [
Nitrate (NO,-N): Analysis Time:
DR-700 DRS__  Other Fiteres: L[]
rogranvModule: 55
ntration: mgiL
Nitrite Interference Treatment: [ ]
Istandara Soltion: O Results: . Reagent Blank Correction: O
Eﬂd Additions: D Digits Required: 0. 1m: 0.2mk: 0.3mi:




|

PAGE 3
FIELD ANALYTICAL LOG SHEET

GEOCHEMICAL PARAMETERS
Tetra Tech NUS, Inc. Page __of __
Project Site Name: Sample ID No.:
Project No.: Sample Location:
Sampled By: Duplicate:  []
Field Analyst: Blank: O

Field Form Checked as per QA/QC Checklist (initials): I |

SAMPLE COLLECTION/ANALYSIS INFORMATION:

Manganese (Mn?"):
Equipment: DR-700 DR-8 _ _ HACH MN-5 Other: Analysis Time:
IProgram/ModuIe: 525nm 41
Concantration: mg/L Fittered: D
Digestion: D
Standard Solution: L_.] Resuits: . Reagent Blank Correction: D
Standard Additions: D Digits Required: 0.1mi: 0.2ml: 0.3ml:
|Notes:
[Ferrous fron (Fe®):
Equipment: DR-700 DR-8__ IR-18C Color Wheel Other: Analysis Time:
ProgramyModule: 500nm 3
Concentration: mgiL Filtered: D
Notes:
Hydrogen Sulfide (H,S):
|Equipment: HS-C Other: Analysis Time:
Concentration: mglL Exceeded 5.0 mg/L range on color chart |
lNom:
QA/QC Checklist:

All data fieids have been completed as necessary: D

Correct measurement units are cited in the SAMPLING DATA block: D

Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: D
Mulitplication is comect for each Multipiier table: [

Fihal calulated concentration is within the appropriate Range Used block: D

Alkalinity Relationship is determined appropriatly as per manufacturer (HACH) instructions: D '

QA/QC sample (e.g., Std. Additions, etc.) frequency is appropriate.as per the project planning documents: D
Nitrite Interference traatment was used for Nitrate test if Nitrite was detected: [

Title block on each page of form is initialized by person who performed this QA/QC Checklist: D




elra Tech NUS, Inc.

GROUNDWATER LEVEL MEASUREMENT SHE

e

Project Name:

Project No.:

Location: Personnel:
Weather Conditions: Measuring Device:
Tidally Influenced: Yes ___ No____ Remarks:
1
Wall or Elevation of Total Water Level Thick of] Gr
Piszometer Date Time Reference Point | Weil Depth | indicator Reading | Free Product Comments
Number (fout)* (foe)* (toet)* (foet)”
5
T
s
L s L
L s
i !
“"All measurements to the neares? 0.01 oot .
Page _____of




@ Tetra Tech‘ NUS, Inc. BORING LOG Page __of __

PROJECT NAME: BORING No.:
PROJECT NUMBER: DATE:
DRILLING COMPANY: , GEOLOGIST:
DRILLING RIG: - DRILLER: )
L_' [~ 1 MATERIAL DESCRIPTION - PIOPFID Resding (ppm
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Project Site Name: Sample ID No.:
Project No.: Sample Location:
Sampled By: |
[ Surface Soil C.0.C. No.:
0 Subsurface Soil
0 Sediment Type of Sample:
0 Other: 0 Low Concentration
[ QA Sampie Type: [ High Concentration
GRAB SAMPLE DATA:
Date: Depth Interval Color Description (Sand, Siit, Clay, Molsture, etc.)
Time:
Method:
Monitor Reading (ppm): |
[COMPOSITE SAMPLE DATA:
Date: Time [ Depth Interval Color Description (Sand, Siit, Clay, Moisture, etc.)
fMethod:
[Monitor Readings +
(Range in ppm):
|SAMPLE COLLECTION INFORMATION:
Analysis Contsiner Requirements Collected Other
[oBSERVATIONS / NOTES: [War: ]
Circle H Applicable: Signature(s):

MS/MSD Dupficats ID No.:
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MONITORING WELL DEVELOPMENT RECORD

Waell: Pepth to Bottom (ft.): Responsible Personnel:
Site: Static Water Level Before (ft.): Drilling Co.:

Date Installed: Static Water Level After (ft.): Project Name:

Date Developed: Screen Length (ft.): : Project Number:

Dev. Method: Specific Capacity:

Pump Type: Casing ID (in.):

Time | Cstimated | Cumulative | Water Level | Temperature | pH Specific | Turbidity “Remarks (odor, color, etc.)

Sediment | - Water Readings (Degrees C) Conductance | (NTU)
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GROUNDWATER SAMPLE LOG SHEET

Page___of ___
Project Site Name: Sample 1D No.:
Project No.: Sample Location:
Sampled By:
[} Domestic Well Data C.0.C. No.
{1 Monitoring Well Data Type of Sample:
] Other Well Type: [} Low Concentration
(] QA Sample Type: {] High Concentration
SAMPLING DATA
Date: Color pH | 8C. | Temp. | Tubidity ]| DO | Salinity | Other
ime: Visul) | S.U) | @Sem| (O (NTU) (mg/1) (%)
thod: ]
PURGE DATA )
Date: Volume | pH 8.C. Temp. [ Turbidity 00 Salinity Other
Method [ '
Monitor Reading (ppm): |
[Well Casing Diameter & Material ‘
Type: ‘
[Total Well Depth (TD): W
Static Water Level (WL):
{One Casing Volume(gail): 1
Start Purge (hrs). ‘
€nd Purge (hrs). }
Total Purge Time (min): 1
Total Vol Purged (gallL): ' 1
!SAMPLE COLLECTION INFORMATION: b
Analysis " Preservative Container Requirements Coliected
JOBSERVATIONS / NOTES:
[Circle if Applicable: Signature(s):

MS/MSD Duplicats 1D No.:
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- MONITORING WELL MATERIALS
CERTIFICATE OF CONFORMANCE

Well Designation: Site Geologist:

Site Name: Drilling Company:

Date Installed: Dritler:

Project Name: Project Number:

Material Brand/Description Source/Supplier l Sample l
Collected ?

Well Casing | | |
| well Screen 1 I I
| End Cap J

| Drilling Fluid

| Drilling Fluid Additives

| Backfill Material

| Annular Filter Pack

e } e § e { e e §

| Bentonite Seal

| Annutar Grout

| Surface Cement

| Protective Casing

| Paint

| Rod Lubricant

| compressor Ol

o

—} e } e { e § e §

To the best of my knowledge, | certify that the above described materials were used during installation of this monitoring well.

Signature of Site Geologist:
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1.0 PURPOSE

This procedure provides general guidance and information pertaining to proper monitoring well design,
installation, and development.

20 SCOPE

This procedure is applicable to the construction of monitoring welis. The methods described herein may
be modified by project-specific requirements for monitoring well construction. In addition, many regulatory
agencies have specific regulations pertaining to monitoring well construction and permitting. These
requirements must be determined during the project planning phases of the investigation, and any
required permits must be obtained before field work begins. Innovative monitoring well installation
techniques, which typically are not used, will be discussed only generally in this procedure.

3.0 GLOSSARY

Monitoring Well - A well which is screened, cased, and sealed which is capable of providing a
groundwater leve! and groundwater sample representative of the zone being monitored. Some monitoring
wells may be constructed as open boreholes.

Piezometer - A pipe or tube inserted into the water bearing Zone, typically open to water flow at the
bottom and to the atmosphere at the top, and used to measure water level elevations. Piezometers may
range in size from 1/2-inch-diameter plastic tubes to well points or monitoring wells.

Potentiometric Surface - The surface representative of the level to which water will rise in @ well cased to
the screened aquifer. ‘

Well Point (Drive Point) - A screened or perforated tube (Typically 1-1/4 or 2 inches in diameter) with a
solid, conical, hardened point at one end, which Is attached to a riser pipe and driven into the ground with
a sledge hammer, drop weight, or mechanical vibrator. Well points may be used for groundwater injection
and recovery, as piezometers (1.e., to measure water levels) or to provide groundwater samples for water
Quality data.

49 RESPONSEALIES

.

Drlnr mmmmmwmmmammm

and efficient lebor force capable of performing all phases of proper monkoring well
instalistion and construction. mmmmuwumhmwm
permits for monitoring well instaliation and construction.

Fleld_Geologist - The fleld geologist supervises and documents well instsliation and construction
performed. by the driller, and insures that well construction is adequale 10 provide representative
W&hiwhmbmdhmwmmmn&mmoﬂwum
w\edpmomdmyabomhthhaptely
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5.0 PROCEDURES
54 Equipment/items Needed

Below is a list of items that may be needed when installing 8 monitoring well or piezometer:
+ Health and safety equipment as required by the Site Safety Officer.
o Well drilling and installation equipment with associated materials (typicaily supplied by the driller).

» Hydrogeologic equipment (weighted engineer's tape, water level indicator, retractable engineers rule,
electronic calculator, clipboard, mirror and flashlight - for observing downhole activities, paint and ink
marker for marking monitoring wells, sample jars, well installation forms, and a field notebook).

« Drive point installation tools (sledge hammer, drop hammer, or mechanical vibrator; tripod, pipe
wrenches, drive points, riser pipe, and end caps).

5.2 Well Design

The objectives and intended use for each monitoring well must be clearly defined before the monitoring
system is designed. Within the monitoring system, different monitoring wells may serve different
purposes and, therefore, require different types of construction. During all phases of the well design,
attention must be given to clearly documenting the basis for design decisions, the details of well
construction, and the materials used. The objectives for installing the monitoring wells may include:

« Determining groundwater flow directions and velocities.
+ Sampling or monitoring for trace contaminants.
o Determining aquifer characteristics (e.g., hydraulic conductivity).

Siting of monitoring welis shall be performed after a preliminary estimation of the groundwater flow
direction. in most cases, groundwater flow directions and potential wel locations can be determined by
an experienced hydrogeologist through the review of geciogic data and the site terrain. in addition, data
from production wells or other monitoring wells in the srea mey be used 0 delermine the groundwater
flow direction. If thess methods cannot be used, piezometers, which are relatively inexpensive 10 install,
mmuumhamwmbmmmm

8.2.1 Well Doptll, Diameter, and Monitored Interval

The wel depth, diameter, and monitored interval must be tailored 1o the specific monftoring needs of each
investigation. Specification of these Rems generslly depends on the purpose of the monlioring system

and the characieristics of the hydrogeologic system being monitored. Wells of different depth, damow
and monitored interval can be employed in the same groundwater monlioring system. For instance,
varying the monitored interval in several wells, at the same location (cluster wells) can heip (o determine

‘the vertical gradient and the depths at which contaminants are presént - Conversely, a fully penetrating

well is usually not used 10 quantify or vertically locate s contaminent plume, since groundwater samples
collecied in wells that are screened over the full thickness of the water-bsaring zone will be representative
of average conditions across the entire monitored interval. Howewer, fully penetrating wells can be used
to establish the existence of contamination in the water-bearing zone. The well diameter desired depends
upon the hydraulic characteristics of the water-bearing zone, sampling requirements, driling method and
cost.

019811P
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The decision concerning the monitored interval and well depth is based on the foliowing (and possibly
other) information:

¢ The vertical location of the contaminant source in relation to the water-bearing zone.
¢ The depth, thickness and uniformity of the water-bearing zone.

¢« The anticipated depth, thickness and characteristics (e.g., denssty relative to water) of the
contaminant plume.

¢ Fluctuation in groundwater levels (due to pumping, tidal influences, or natural recharge/dvscharge
events).

« The presence and location of contaminants encountered during drilling.

o Whether the purpose of the installation is for determining existence or non-existence of contamination
or if a particular stratigraphic zone is being investigated.

+ The analysis of borehole geophysical logs.

In most situations where groundwater flow lines are horizontal, depending on the purpose of the well and
the site conditions, monitored intervals are 20 feet or less. Shorter screen lengths (5 feet or less) are
usually required where flow lines are not horizontal, (Le., if the wells are to be used for accurate
measurement of the potentiometric head at a specific point).

Many factors influence the diameter of a monitoring well. The diameter of the monitoring well depends on
~ the application. In determining weil diameter, the following needs must be considered:

Adequate water volume for sampling.
Drifling methodology.

Type of sampling devba 0 be used.
Costs.

summmnl&mhnnz.a e.orahdu mmhmﬁn«zmn
diameter. ‘For monkoriig programs which require scresned monfioring wells, elher & 2-inch or 4-inch-
dismeter well is preferred. - Typically, wmmm4mmwhm

in which open-hole bedrock monitoring wells are used. With smaller dismeter wells, the volume

of stagnant waler in the well is minimized, and well construction costs are reduced; however, the sampling

“devices that can be used are imited.

In specifying well diameler, sampling requirements must be considersd (up 10 a fotal of 4 gallons of waler
may be required for 8 single sampls 1o account for ful organic and inorganic analyses, and spiit sampies),
particularly if the monliored formation s known fo be a low-yleiding formetion. The un volume of water
mWManMMmehﬂMnm( .

2 6.13
4 1.83
(] 0.”
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if a well recharges quickly after purging, then well diameter may not be an important factor regarding
sample volume requirements.

Pumping tests for determining aquifer characteristics may require larger diameter wells (for installation of
high capacity pumps); however, in small-diameter wells in-situ permeability tests can be performed during
driliing or after well installation is completed.

8.2.2 Riser Pipe and Screen Materlals

Well materials are specified by diameter, type of material, and thickness of pipe. Well screens require an
additional specification of siot size. Thickness of pipe is referred to as "Schedule” for polyvinyl chioride
(PVC) casing and is usually Schedule 40 (thinner wall) or 80 (thicker wall). Steel pipe thickness is often
referred to as "Strength™. Standard Strength is usually adequate for monitoring well purposes. With
larger diameter pipe, the wall thickness must be greater to maintain adequate strength. The required
thickness is also dependent on the method of installation; risers for drive points require greater strength
than waells installed inside drilled borings.

The selection of well screen and riser materials depends on the method of drilling, the type of subsurface
materials the well penetrates, the type of contamination expected, and natural water quality and depth.
Cost and the level of accuracy required are also important. The materials generally available are Tefion,
stainless steel, PVC galvanized steel, and carbon steel. Each has advantages and limitations (see
Attachment A of this guideline for an extensive presentation on this topic). The two most commonly used
materials are PVC and stainiess steel. Properties of these two materials are compared in Attachment B.
Stainless steel is a8 good choice where trace metals or organic sampling is required; however, costs are
high. Teflon materials are extremely expensive, but are relatively inest and provide the least opportunity
for water contamination due to well materials. PVC has many advantages, including low cost, excelient
availability, fight weight, ease of manipulation, and widespread acceptance. The crushing strength of PVC
may limit the depth of instailation, but the use of Schedule 80 materials may overcome some of the
problems associated with depth. However, the smaller inside diameter of Schedule 80 pipe may be an
memumumummmuwmnaum Due
umumummmumwﬂumm

meWMbmwmmmmmmd
used during thread culting and scresn manufecturing may contaminate sampiss. Metal pipe may corrode
mmmm«mmmmmmub Kdered.a minor issus.
Gaivanized sieel is not recommended whers sampiss may be collected for metals analyses, ss zinc and
cadmium levels in groundwater samples mey become elevated from leaching of the zinc coating.

Threaded, flush-joint casing is most often prefermed for monitoring well sppiications. PVC, Teflon, and
sieel can all be obtained with threaded joints. Weided-Joint steel casing is siso acceptable. Glued PVC
may release organic contaminants info the wel, and therefore, should not be used f the wel is © be

sampled for organic constituents.

mummeh‘medewWMam
screen is often not necessary (the well is simply an open hole In bedrock). Unconsolidated materials,
such as sands, clay, and silts require a screen. A screen siot size of 0.010 or 0.020 inch is generally used .
when a screen is necessary, and the annular borehole space sround the screened interval ls artificially
packed with an appropriately sized sand, selected based on formation grain size. The siot size controls
the quantity of water entering the well and prevents entry of natural materisis or sand pack. The screen
shall pess no more than 10 percent of the pack material, or in-situ aquifer material. The sile geclogist

0198114
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shall specify the combination of screen slot size and sand pack which will be compatible with the water-
bearing zone, to maximize groundwater inflow and minimize head losses and movement of fines into the
wells. For example, as a standard procedure, a Morie No. 1 or No. 10 to No. 20 U.S. Standard Sieve size
filter pack is typically appropriate for a 0.020-inch siot screen; however, a No. 20 to No. 40 U.S. Standard
Sieve size filter pack is typically appropriate for a 0.010-inch siot screen.

5.23 Annular Materials

Materials placed in the annular space between the borshole and riser pipe and screen include a sand
pack when necessary, a bentonite seal, and cement-bentonite grout The sand pack is usually a medium-
to coarse-grained poorly graded, sitica sand and should refate to the grain size of the aquifer sediments.
The quantity of sand placed in the annular space is dependent upon the length of the screened interval,
but should always extend at least 1 foot above the top of the screen. At least 1 to 3 feet of bentonite
peliets or equivalent shalf be placed above the sand pack. Cement-bentonite grout (or equivalent) is then
placed to extent from the top of the bentonite pellets to the ground surfacs. :

On occasion, and with the concurrence of the involved regulatory agencies, monitoring wells may be
packed naturally (i.e., no artificial sand pack installed). In this case, the natural formation material is
allowed to collapse around the well screen after the well is installed. This method has been used where
the formation material itself is a relatively uniform grain size, or when artificlal sand packing is not possible
due to borehole coltapse.

pipe should be used 1 introduce grout from the bottom upward, to prevent bridging, and to provide a
better seal. In shallow borsholes that don't collapse, t may be more practical to pour the grout from the
surface without s tremie pipe

Grout is a general tarm which has several different connotstions. For all practical purposes within the
monitoring well instalision industry, grout refers 1o the solidified materisl which is installed and occupies
the annuler spece sbove the bentonfte pellet sesl. Groit, most of the ime, s MBSE WP of one”'or WO
assembiages of meterial, (e.g., coment and/or bentonite). A cement-bentonlle grout, which is the most
common of grout used In wel normelly is & mbdure oFbSmeVL. béhlonke;™
and water st 3 ralic of one 90-pound bag of Portiand Typé | cemant, plus 3 lo 6 pouiihs ‘F granuler or
fiske-type bentonle, and 8-7 of water. A nest cement éorisists”of one Niity-pouhd?Bilg of"
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5.2.4 Protective Casing

When the well is completed and grouted to the surface, a protective steel casing is typically placed over
the top of the well. This casing generaily has a hinged cap and can be locked to prevent vandalism. The
protective casing has a larger diameter than the well and is set into the wet cement grout over the well
upon completion. In addition, one hole is drilled just above the cement collar through the protective
casing which acts as a weep hole for the flow of water which may enter the annulus during well
development, purging, or sampling.

A protective casing which is level with the ground surface (flush-mounted) is used in roadway or parking
iot applications where the top of a monitoring well must be below the pavement. The top of the riser pipe
is placed 4 to § inches below the pavement, and a locking protective casing is cemented in place to
3 inches below the pavement. A large diameter, manhole-type protective collar is set into the wet cement
around the well with the top set level with or slightly above the pavement. An appropriately-sized id is
placed over the protective sieeve. The cement should be slightty mounded to direct pooled water away
from the well head.

8.3 Monitoring Well Installation

Pertinent data regarding monitoring well installation shall be recorded on log sheets as depicted and
discussed in SOP SA-6.3. Attachments to this referenced SOP illustrate terms and physical construction
of various types of monitoring wells.

8.3.1 Monitoring Wells in Unconsolidated Sediments

After the borehole is driled to the desired depth, well instafiation can begin. The procedure for well
instaliation will partially be dictated by the stability of the formation in which the well is being placed. If the
borehole collapses immediately after the drilling tools are withdrawn, then s temporary casing must be
installed and well installation will proceed through the center of the temporary casing, and continue as the
temporary casing is withdrawn from the borehole. In the case of hollow-stem auger drilling, the augers
will act to stabilize the borehole during well installation.

semummmmmmmmmwmdmmmmmu
meéasured with an engineer's nile o ensure proper placernent. When measuring sections, the threads on
mmuummmmum«mmmnmmmmm
screwed flush together.

mmmmwmmmmhummumn&muhm. )
A weighted tape messure must be used during the installation procedurs 1o carelully monitor instaliation .

%0 ensure an adequate sand pack. However, if o0 much sand is within the lemporary casing (greater than
1 foot above the bottom of the casing) bridging between the temporary casing and riser pipe mey occur.
Centralizers may be used at the geclogist's discretion, one above and one below the screen, 10 assure
enough annular space for sand pack placement.

After the sand pack is installed 1o the desired depth (at least 1 foot above the top of the screen), then the
bentonite peliet seal (or equivalent), can be instalied in the same manner as the sand pack. At least
190 3 feet of bentonite peliets should be installed above the sand pack. Pellets should be added siowly
and their fall monitored closely 1o ensure that bridging does not oceur.

0126114
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The cement-bentonite grout is then mixed and tremied into the annulus as the temporary casing or augers
are withdrawn. Finally, the protective casing can be installed as detailed in Section 5.2.4.

§3.2 Confining Layer Monitoring Wells

When drilling and instalting a well in a confined aquifer, proper well instailation techniques must be
applied to avoid cross contamination between aquifers. Under most conditions, this can be accomplished
by installing double-cased wells. This Is accomplished by drilling a large-diameter boring through the
upper aquifer, 1to § feet into the underlying confining layer, and setting and pressure grouting or tremie
grouting a large-diameter casing into the confining layer. The grout material must fill the space between
the native material and the outer casing. A smaller diameter boring is then continued through the
confining layer for installation of the monitoring well as detailed for overburden monitoring weils.
Sufficient time (determined by the field geologist), must be allowed for setting of the grout prior to drilling
thcough the confined layer.

833 Bedrock Monitoring Wells

When installing bedrock monitoring wells, a large diameter boring is drilled through the overburden and
approximately 5 -10 feet into bedrock. A casing (typically steel) is installed and either pressure grouted
or tremie grouted in place. After the grout has cured, a smaller diameter boring is continued into bedrock
to the desired depth. If the boring does not collapse, the well can be left open, and a screen is not
necessary. If the boring collapses, then a screen is required and can be installed as detailed for
overburden monitoring wells. If a screen Is to be used, then the casing which is instalied through the
overburden and into the bedrock does not require grouting and can be removed when the final well
instaliation is completed.

534 Drive Points

Drive points can be instafled with either a siedge hammer, drop hammer, or 8 mechanical vibrator. The
screen seclion is threaded and tightened onto the riser pipe with pipe wrenches. The drive point is simply
pounded into the subsurface to the desired depth. If @ heavy drop hammer is used, then a tripod and

pulley sstup Is required to It the hammer. ommummumuymvmbdom.

exceeding 10 fost.

MMWMMMWONMMNMMIB
ducrbothOPSA-ux -

s

838 mmmmmmammu-uontm

Certain innovative sampling devices have proven advantageous. These devices are essentially screened
samplers instalied in 8 borehols wWith only smali-ciamefter Wubes extending © the surface. This reduces
driling costs, decreases the volume of stagnant water, snd provides a sampling system that minimizes
cross-contaminaion from sampling equipment. Four menufacturers of these samplers include Timco
Manufacturing Company, inc,, of Prairle du Sac, Wisconsin, BARCAD Systems, Inc., of Concord,
Massachusetts, Westbey instruments Lid. of Vancouver, Brilish Columbis, Caneda and the University of
mammw mmmmmm
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5.4 Well Development Methods

The purpose of well development is to stabilize and increase the permeability of the gravel pack around
the well screen, and to restore the permeability of the formation which may have been reduced by drilling
operations. Wells are lypically developed until all fine material and drilling water is removed from the well.
Sequential measurements of pH, conductivity and temperature taken during development may yield
information (stabilized values) regarding whether sufficient development has been performed. The
selection of the well development method shall be made by the field geologist and is based on the drilling
methods, well construction and installation details, and the characteristics of the formation that the well is
screened in. The primary methods of well development are summarized below. A more detailed
discussion may be found in Driscoll (1986). .

541 Overpumping and Backwashing

Wells may be developed by alternatively drawing the water level down at a high rate (by pumping or
bailing) and then reversing the flow direction (backwashing) so that water is passing from the well into the
formation. This back and forth movement of water through the well screen and gravel pack serves to
remove fines from the formation immediately adjacent to the well, while preventing bridging (wedging) of
sand grains. Backwashing can be accomplished by several methods, including pouring water into the
well and then balling, starting and stopping a pump intermittently to change water levels, or forcing water
into the well under pressure through a water-tight fitting ("rawhiding™). Care shouild be taken when
backwashing not to apply too much pressure, which could damage or destroy the well screen.

§4.2 Surging with a Surge Plunger

A surge plunger (aiso called a surge block) is approximately the same diameter as the well casing and is
aggressively moved up and down within the well to agitate the water, causing it to move in and out of the
screens. This movement of water pulls fine materials into the well, where they may be removed by any of
several methods, and prevents bridging of sand particies in the gravel pack. There are two basic types of
surge plungers; solid and vaived surge plungers. In formations with low ylelds, a vaived surge plunger
may be preferred, as solid plungers fend 10 force waler out of the well st a gresier rate than & will flow

wbooquonﬁyqommhghairlﬂlnnm.
A4 High Velocity Jetting
in the high velocity jeting method, water is forced at high velocities from a plunger-type device and

through the well screen 10 loosen fine particies from the sand pack and surrounding formation. The jetting
ool is slowly rotsted and raised and lowered slong the length of the well screen 10 develop the entire

0198117

Tetrs Tach NUS, inc.



Number Page
GROUNDWATER MONITORING GH-2.8 10 of 12
WELL INSTALLATION Revision Effective Date
2 06/98

screened area. Jetting using a hose lowered into the well may also be effective. The fines washed into
the screen during this process can then be bailed or pumped from the wel.

8.0 RECORDS

A critical part of monitoring well instaliation is recording of all significant details and events in the site
logbook or field notebook. The geologist must record the exact depths of significant hydrogeological
features, screen placement, gravel pack placement, and bentonite placement ‘

A Monitoring Well Sheet (see Attachments to SOP SA-6.3) shall be completed, ensuring the uniform
recording of data for each installation and rapid identification of missing information. Weil depth, length,
materials of construction, length and openings of screen, length and type of riser, and depth and type of
all backfill materiais shall be recorded. Additional information shall include location, installation date,
problems encountered, water levels before and after well installation, cross-reference to the geologic
boring log, and methods used during the installation and development process. Documentation is very
important to prevent problems involving questionable sample validity. Somewhat different information will
need to be recorded, depending on whether the well is completed in overburden (single- or double-
cased), as a cased well in bedrock, or as an open hole in bedrock.

The quantities of sand, bentonite, and grout placed in the well are also important. The geologist shall
calculate the annular space volume and have an idea of the quantity of material needed to fill the annular
spacs. Volumes of backill significantly higher than the calculated volume may indicate a problem such.as

a large cavity, while a smaller backfill volume may indicate a cave-in or bridging of the backfill materials. .

Any problems with rig operation or down-time shall be recorded and may affect the driller’s final fee.
7.0 REFERENCES

ScdfMRJFMcNabbWJDunlapR.LCosbyandJFrybawwm Mawalomeundwater
Sampling Procedures. R. S. Kerr Environmental Research Laborstory, Office of Research and
Development, U.S. EPA, Ada, Oklahoma.

Barcelona, M. J., P. P. Gibb and R. A. Miller, 1983. A Guide 10 the sslection of Materials for '
wmwmm.-m.mmm.mu,m%. L
Champeign, lincis. T e e e senae e gt i

U.8. EPA, 1900. MWWMWMGWMMFM o

. Publication SW-811, Ofice of Sold Waste, U.S. EPA, Washington, D.C.
Driscoll, Fletcher G., 1986. Groundwater and Wells. Johnson Division, St Paul, Minnesota, 1989,
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ATTACHMENT A

RELATIVE COMPATIBILITY OF RIGID WELL CASING MATERIAL (PERCENT)

Potentiaily-Deteriorating | Type of Casing Material
Substance ) _
PVC 1| Galvanized | Carbon | Lo-carbon | Stainless | Stainless | Teflon®

- Steel Steel Steel Steel 304 | Steel 316
Buffered Weak Acid 100 56 51 59 97 100 100
Weak Acid |_98 59 43 | 47 96 100 100
Mineral Acid/ 100 48 57 60 80 82 100
High Solids Content b
Aqueous/Organic 64 69 73 73 98 100 100
Mixtures _ ]
Percent Overall Rating | 91 58 56 |_ 59 93 96 100
Preliminary Ranking of Rigid Materials:

1 Tefion® 5 Lo-Carbon Steel

2 Stainless Steel 316 6 Galvanized Steel

3. Stainless Steel 304 7 Carbon Steel

4 PVC 1

* Trademark of DuPont
RELATIVE COMPATIBRLITY OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENT)

Potentially- [ Type of Casing Material
" | Deteriorating
PYWC | PP | PE | PE |PMM] Viton™ | Silicone | Neoprene| Teflon™*
|Flexible |  |Conv.| Linear J |

Buffered Weak Acid - | 97 97 | 100 | 87 | 90 92 87 85 100
Weak Acid %2 | 90 | 94 |96 |78 |78 |78 75 100
Mineral Acid/ 100 | 100 | 100 | 100 | 5 00 | 78 82 100
Aqueous/Organic 62 | 71| 40 | 60 | 49 | 78 49 “ 100
Mbdures S P —_ ‘
Percent Overall (] 90 | 84 | 838 | 78 87 72 T2 100
Rating
Prefiminary Ranking of Semi-Rigid or Elastomeric Materials

1 Tefon' $ PE Conventional

2 Polypropylene (PP) 8 Plexiglas/Lucite (PMM)

3. PVC.FIaxbUPELnur 7 Siicone/Neoprene

4 Viion

Source: Barceiona et al., 1883
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ATTACHMENT B
COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTRUCTION
Charactenistic Stainless Steel PVC
Strength Use in deep wells to prevent Use when shear and compressive
compression and closing of strength are not critical.
screeniriser,
Weight Relatively heavier. Light-weight, floats in water.
Cost Relatively expensive. Relatively inexpensive,
Corrosivity Deteriorates more rapidly in corrosive | Non-comrosive - may deteriorate in
water. presence of ketones, aromatics, alkyl
sulfides, or some chiorinated
. hydrocarbons.
Ease of Use Difficutt to adjust size or length inthe | Easy to handle and work with in the
field. field.
Preparation for |Should be steam cleaned i organics |Never use giue ﬁtﬁngs -~ pipes shouid
Use will be subsequently sampled. be threaded or pressure fitted. Should
be steam cleaned when used for
monitoring wells.
interaction with | May sorb organic or inorganic May sorb or release organic
Contaminants® | substances when oxidized. substances.
. See aiso Attachment A.
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10 PURPOSE

The purpose of this document is to establish standard procedures and technical guidance on borehole
and sample logging.

2.0 SCOPE

These procedures provide descriptions of the standard techniques for borehole and sample logging.
These techniques shall be used for each boring logged to provide consistent descriptions of subsurface
lithology. While experience is the only method to develop confidence and accuracy in the description of
soil and rock, the field geologist/engineer can do a good job of classification by careful, thoughtful
observation and by being consistent throughout the classification procedure.

3.0 GLOSSARY
None.
4.0 RESPONSIBILITIES

Site_Geologist. Responsibie for supervising all boring activities and assuring that each borehole is
completely logged. If more than one rig is being used on site, the Site Geologist must make sure that
each field geologist is properly trained in logging procedures. A brief review or training session may be
necessary prior to the start up of the field program and/or upon completion of the first boring.

8.0 PROCEDURES

The classification of soil and rocks is one of the most important jobs of the field geologist/engineer. To
maintain a consistent flow of information, it is imperative that the field geologist/engineer understand and
accurately use the fieid classification system described in this SOP. This identification is based on visual
examination and manusl! tests.

8.1 m Needed

When logging soll and rock samples, the geologist or engineer may be equipped with the following:

Rock hammer

Knife

Camers

Dilute hydrochloric acid (HCI) _

Ruler (marked in tenths and hundredths of feet)
Hand Lens

.2 Classification of Sols

Audmashaubewﬂmndlncuyonmebombg(ﬂgurn)ormaﬂoldnotabooklfnmspacebneedod
Details on filling out the boring log are discussed in Section §.5.

0196811P . Tetra Toch NUS. inc.
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FIGURE 1
BORING LOG (EXAMPLE)
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5.2.4 USCS Classification

Soils are to be classified according to the Unified Soil Classification System (USCS). This method of
classification is detailed in Figure 1 (Continued).
This method of classification identifies soil types on the basis of grain size and cohesiveness.

Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of two types: sit (M) and clay (C).
Some classification systems define size ranges for these soil particies, but for field classification
purposes, they are identified by their respective behaviors. Organic material (O) is @ common component
of soil but has no size range,; it is recognized by its composition. The careful study of the USCS will aid in
developing the competence and consistency necessary for the classification of soiis.

Coarse-grained soils shall be divided into rock fragments, sand, or gravel. The terms sand and gravel not
only refer to the size of the soil particles but also to their depositional history. To insure accuracy in
description, the term rock fragments shall be used to indicate angular granular materials resulting from the
breakup of rock. The sharp edges typically observed indicate litthe or no transport from their source area,
and therefore the term provides additional information in reconstructing the depositional environment of
the soils encountered. When the term "rock fragments” is used it shall be followed by a size designation
such as "(1/4 inch®-1/2 inch®)” or "coarse-sand size” either immediately after the entry or in the remarks
column. The USCS classification would not be affected by this variation in terms.

8.2.2 Color

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a modifier
to dencte variations in shade or color mixtures. A soll could therefore be referred to as "gray” or “ight
gray" or "blue-gray.” Since color can be utilized in correlating units between sampling locations, it is
important for color descriptions to be consistent from one boring to another.

Colors must be described while the sample is still moist. Soil samples shall be broken or split vertically to
describe colors. Sm\pm:bndtomarmesanplewdaoomﬁngeolorvanﬁonsbemme
sanplehtoﬂorandm

mmwuumnmmmymmwamm Molting
in solls usually indicates poor seration anG leck of good drainage.

Soll Color Charts shell not be used uniess specified by the project manager.
823 Relative Density and Consistency

‘To classify the relative density and/or consistency of a soll, the geologist is to first identify the soll type.
Granular solis contain predominantly sands and gravels. They are noncohesive (parficies do not adhere
well when compressed). Finer-grained soils (silts and clays) are cohesive (particies wil adhere together
when compressed).

ﬂndomuyofnoncohum gmwmhmwmmbmd

penelration resistances
obtained from spik-barrel sampling performed according fo the methods detalied in Standard Operating
Procedures GH-1.3 and 8A-1.3. Those designations are:

019811/P Tetra Tech NUS, inc.
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Designation Standard Penetration
Resistance
(Biows per Foot)

Very loose Oto4

Loose S5to10
Medium dense 11t0 30
Dense 311050
Very dense Over 50

Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a 2-
inch outside diameter 12 inches into the material using a 140-pound hammer falling freely through
30 inches. The sampler is driven through an 18-inch sample interval, and the number of blows is
recorded for each B-inch increment The density designation of granular soils is obtained by adding the
number of blows required to penetrate the last 12 inches of each sample interval. It is important to note
that if gravel or rock fragments are broken by the sampler or if rock fragments are lodged in the tip, the
resulting blow count will be erroneously high, reflecting a higher density than actually exists. This shali be
noted on the log and referenced to the sample number. Granular soils are given the USCS classifications
GW, GP, GM, SW, SP, SM, GC, or SC (see Figure 1).

The consistency of cohesive soils is determined by performing field tests and identifying the consistency
as shown in Figure 2.

Cohesive soils are given the USCS classifications ML, MH, CL, CH, OL, or OH (see Figure 1).

The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (values
Kisted in the table as Unconfined Compressive Strength), or by hand by determining the resistance to
penetration by the thumb. The pocket penetrometer and thumb determination methods are conducted on
a selected sample of the soil, preferably the lowest 0.5 foot of the sample in the split-barrel sampler. The
sample shall be broken in half and the thumb or penetrometer pushed into the end of the sample to
determine the consistency. Do not determine consistency by altempting to penetrate a rock fragment. if
the sample is decomposed rock, R is ciassified as a soR decomposed rock rather than 3 hard soil.
Consistency shall not be determined solely by blow counts. One of the other methods shall be used in
conjunction with &. The designations used to describe the consistency of cohesive soils are shown in
Figure 2.

824 Weight Percentages

in nature, soils are comprised of particles of varying size and shape, and are combinations of the various
grain types. The following terms are useful in the description of soil:

Terms of Identifying Proportion of the Defining Range of
Component Percentages by Weight
Trace : 0 - 10 percent
Some ’ 11 - 30 percent
Adjective form of the soil type (e.g., "sandy”) 31 - 50 percent

019811/P

Tetrs Tech NUS, Inc.



Subject Number
GH-1.5 8of20
BOREHOLE AND SAMPLE LOGGING  [ro 0 Efective Do
1 06/99
FIGURE2
CONSISTENCY FOR COHESIVE SOILS
Conslistency Standard Unconfined Fleld Identification
Penetration Compressive
Resistance Strength
(Blows per (Tons/Sq. Foot by
Foot) pocket
penetration)
Very soft Oto2 Less than 0.25 Easily penetrated several inches by fist
Soft 2to 4 0.251t0 0.50 Easily penetrated several inches by
thumb
Medium stiff 4to8 0.50t0 1.0 Can be penetrated several inches by
thumb with moderate effort
Stiff 8to 15 1.0t0 2.0 Readily indented by thumb but
penetrated only with great effort
Very stiff 15 t0 30 20t0 4.0 Readily indented by thumbnail
Hard Over 30 More than 4.0 Indented with difficulty by thumbnail

019611/°P
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Examples:

Sitty fine sand: 50 to 69 percent fine sand, 31 to 50 percent silt.

Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to 30 percent silt
Fine sandy silt, trace clay: 50 to 88 percent silt, 31 to 49 percent fine sand, 1 to 10 percent clay.
Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand.

525 Moisture

Moisture content is estimated in the field according to four categories: dry, moist, wet, and saturated. In
dry soil, there appears to be little or no water. Saturated samples obviously have all the water they can
hold. Moist and wet classifications are somewhat subjective and often are determined by the individual's
judgment. A suggested parameter for this would be calling a soil wet if rolling it in the hand or on a porous
surface liberates water, i.e., dirties or muddies the surface. Whatever method is adopted for describing
moisture, it is important that the method used by an individual remains consistent throughout an entire
drilling job.

Laboratory tests for water content shall be performed if the natural water content is important.

5.26 Stratification

Stratification can only be determined after the sample barel is opened. The stratification or bedding
thickness for soil and rock is depending on grain size and composition. The classification to be used for
stratification description is shown in Figure 3.

827 Texture/Fabric/Bedding

The texture/fabric/bedding of the soil shall be described. Texture is described as the relative angularity of
the perticles: rounded, subrounded, subangulsr, and anguiar. Fabric shall be noted as to whether the
pariicies are flat or buiky and whether there is 8 particular relation between particles (Le., all the fiat
pariciss are paraliel or there is some cementation). The bedding or structure shall also be noted (e.g.,
stralified, lensed, nonstratified, heterogeneous varved).

8.2.8 Summary of Soll Classification

In summary, soils shall be classified in a similar manner by each geclogist/engineer at a project site. The
hierarchy of classification is as foflows:

{

019611#

Tetra Toch NUS, Inc.



BEDDING THICKNESS CLASSIFICATION

Subject Number
GH-1.5 10 0f 20
BOREHOLE AND SAMPLE LOGGING  [aore ——
1 06/99
FIGURE 3

Thickness Thickness Cilassification
{metric) {Approximate
English Equivaient)
> 1.0 meter >33 Massive
30 cm - 1 meter 1.0'-3.3 Thick Bedded
10cm-30cem 4"-10 Medium Bedded
3em-10em 1"-4" Thin Bedded
1em-3cm 2/5" - 1" Very Thin Bedded
3mm-1cm 1/8" - 2/5" Laminated
1mm-3mm 1/32" - 1/8* Thinly Laminated
<1mm <1/32" Micro Laminated

(Weir, 1973 and ingram, 1954)
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53 Classification of Rocks

Rocks are grouped into three main divisions: sedimentary, igneous and metamorphic. Sedimentary rocks
are by far the predominant type exposed at the earth's surface. The following basic names are applied to

~ the types of rocks found in sedimentary sequences:

¢ Sandstone - Made up predominantly of granular materials ranging between 1/16 to 2 mm in diameter.

o Siltstone - Made up of granular materials less than 1/16to 1/256 mm in diameter. Fractures
irregularty. Medium thick to thick bedded.

+ Claystone - Very fine-grained rock made up of clay and silt-size materials. Fractures irregularly. Very
smooth to touch. Generaily has irregularly spaced pitting on surface of drilled cores.

+ Shale - A fissile very fine-grained rock. Fractures along bedding planes.

» Limestone - Rock made up predominantly of calcite (CaCQO,). Effervesces strongly upon the
application of dilute hydrochioric acid. )

+ Coal - Rock consisting mainly of organic remains.

e Others - Numerous other sedimentary rock types are present in lesser amounts in the stratigraphic
record. The local abundance of any of these rock types is dependent upon the depositional history of
the area. Conglomerate, halite, gypsum, dolomite, anhydrite, lignite, etc. are some of the rock types
found in lesser amounts.

In classifying a sedimentary rock the following hierarchy shall be noted:
Rock type
Color

Bedding thickness
Hardness

Fracturing
Weathering

Other characteristics

5.3.1 Rock Type

As described above, there are numerous types of sedimentary rocks. in most cases, a rock will be a
combination of several grain types, therefore, a modifier such as a sandy siltstone, or a silty sandstone
can be used. Thomdiﬁuhdmmaidgnmmporﬁondhmdﬂypehoonpmddmmmu
Other modifiers can include carbonaceous, calcareous, sificeous, etc.

mmnnmuumammm Figure 4 is the Udden-
Wentworth classification that will be sssigned to sedimentary rocks. The individual boundaries are siightly
different than the USCS subdivision for soll classification. For fleid determination of grain sizes, a scale
can be used for the coarse grained rocks. For example, the division between sittstone and claystone may
not be measurable in the field. The boundary shall be determined by use of a hand lens. If the grains

"cannot be seen with the naked eye but are distinguishable with a hand lens, the rock is a siltstone. If the

grains are not distinguishable with a hand lens, the rock is a claystone.
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FIGURE 4

GRAIN SIZE CLASSIFICATION FOR ROCKS

Particle Name Grain Size Diameter
Cobbles > 84 mm
Pebbles 4-64mm
Granules 2-4mm
Very Coarse Sand 1-2mm
Coarse Sand 0.5-1mm
Medium Sand - 0.25-0.5mm
Fine Sand ' 0.125-025 mm
Very Fine Sand 0.0625 - 0.125 mm
Siit 0.0039 - 0.0625 mm

After Wentworth, 1922

019611/ Tetras Tech NUS, inc.
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53.2 Color

The color of a rock can be determined in a8 similar manner as for soil sampies. Rock core samples shall
be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior to

. color classifications.

Rock color charts shall not be used unless specified by the Project Manager.
5.3.3 Bedding Thickness

The bedding thickness designations applied to soil classification (see Figure 3) will also be used for rock
classification.

534 Hardness

The hardness of a rock is a function of the compaction, cementation, and mineralogical composition of the
rock. A relative scale for sedimentary rock hardness is as follows:

s Soft - Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by fingemail.
Soft rock crushes or deforms under pressure of a pressed hammer. This term is always used for the
hardness of the saprolite (decomposed rock which occupies the zone between the lowest soil horizon
and firm bedrock).

o Medium soft - Siight erosion of core, slightly gouged by screwdriver, or breaks with crumbly edges
from single hammer blow.

e Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges from
single hammer blow.

e Hand - Remmonlhamblowstobrukmdhammm Cannot be
scratched with screwdriver.

Note the difference in usage here of the works “scratch”™ and "gouge.” Ambhshalbeeonsidmda
mmmummmmummammmmm.mnm
mdm.m-mbmm

535 Fracturing

mdogmdhmmabmkmnmdamckbdmibedbymmumwmtm
After eliminating driling breaks, meavoragespaqngiscalculatedmdmehcmmgbduabodbym

following terms:

Very broken (V. BR) - Less than 2-inch spacing between fractures
Broken (BR.) - 2-inch 1 1-foot spacing between fractures

Blocky (BL.) - 1- 1o 3-foot spacing between fractures

Massive (M.) - 3 1o 10-foot spacing between fractures

019811/P
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The structural integrity of the rock can be approximated by calculating the Rock Quality Designation
(RQD) of cores recovered. The RQD is determined by adding the tolal lengths of all pieces exceeding
4 inches and dividing by the total length of the coring run, to obtain a percentage.

Method of Caiculating RQD
(After Deere, 1964)

RQD % =r1x 100

r= Total length of all pieces of the lithologic unit being measured, which are greater than
4 inches length, and have resulted from natural breaks. Natural breaks include
slickensides, joints, compaction slicks, bedding plane partings (not caused by drilling),

friable zones, etc.
| = Total length of the coring run.

53.6 Weathering

The degree of weathering is a significant parameter that is important in determining weathering profiles
and is also useful in engineering designs. The following terms can be applied to distinguish the degfee of
weathering:

o Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no staining and rock
has a bright appearance.

« Slight - Rock has some staining which may penetrate several centimeters into the rock. Clay fiing of
joints may occur. Feldspar grains may show some alteration.

° Moderate-Mostdherock,Mmexmolquanzgra!m.lsmM Rock is weakened due to
weathering and can be easily broken with hammer.

» Severe - All rock including quartz grains is stained. Somofmmdtbmﬂ\emdlnhoxbntof
becoming 8 soll. Rock is very week. .

“.7 : :I I TR owid T L

mmmuumhhwm e

Description of contact between two rock units. These can be sharp or gradational.

Observation of the presence of fossils.
mdmmmmmbbmm mynheralﬁlhgorcoaﬂng and’

Mhbnmﬁmﬂwnmﬂnbambgsdﬂbemdhhmmumblmmawpy
machine for report presentation. mmmumwummahmpmrm_
andbmbamvmmsmthmspedalconsidmﬁonmdanm

E
il
;

L m
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538 Additional Terms Used in the Description of Rock

The foliowing terms are used to further identify rocks:

Seam - Thin (12 inches or less), probably continuous layer.

Some - Indicates significant (15 to 40 percent) amounts of the accessory material. For example, rock
composed of seams of sandstone (70 percant) and shale (30 percent) would be “sandstone - some
shale seams.” —_—

Few - indicates insignificant (0 to 15 percent) amounts of the accessory material. For example, rock
composed of seam of sandstone (90 percent) and shale (10 percent) would be "sandstone - few
shale seams.”

Iinterbedded - Used to indicate thin or very thin alternating seams of material occurring in
approximately equal amounts. For example, rock composed of thin alternating seams of sandstone
(50 percent) and shale (50 percent) would be “interbedded sandstone and shale.”

interlayered - Used to indicate thick alternating seams of material occurring in approximately equal
amounts.

The preceding sections describe the classification of sedimentary rocks. The following are some basic
names that are applied to igneous rocks:

Basalt - A fine-grained extrusive rock composed primarily of calcic plagioclase and pyroxene.

Rhyolite - A fine-grained voicanic rock containing abundant quartz and orthoclase. The fine-grained
equivalent of a granite.

Granite - A coarse-grained plutonic rock consisting essentially of alkali feldspar and quartz.
Diorite - Awmmmwammwmm

Gabbro - Awmwmdwmmwm Loosely
used for any coarse-grained dark igneous rock.

State - A very fine-grained foliated rock possessing a well deveioped siaty cleavage. Contains
predominantly chiorite, mica, quartz, and sericite.

m-AmwmmwsmmmWoMMammmmm
surface.

Schist - Ambmmmmmmanm
minerals which dominats its composttion.

Gneliss - A coarse-grained follated rock with bands rich in granutar and piaty minerals. -

Quartzits - A fine- to coerse-grained nonfoliated rock breaking across grains, consisting essentially of
quartz sand with siica cement.

019811/P
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5.4 Abbreviations

Abbreviations may be used in the description of a rock or soil. However, they shail be kept at a minimum.
Following are some of the abbreviations that may be used:

C - Coanse [t - Lignt I - Yelow
Med - Medium BR - Broken Or - Orange

F - Fine BL - Blocky SS - Sandstone
\" «  Very M - Massive Sh - Shale

SI - Sight [Br - Brown LS - Limestone
Occ - Occasional (81 - Black Fgr - Fine-grained
Tr - Trace

85 Boring Logs and Documentation

This section describes in more detail the procedures to be used in completing boring logs in the field.
Information obtained from the preceding sections shall be used to complete the logs. A sample bonng log
has been provided as Figure §.

The field geologist/engineer shall use this example as a guide in completing each boring log. Each boring
log shall be fully described by the geologist/engineer as the boring is being drilled. Every sheet contains
space for 25 feet of log. information regarding classification details is provided either on the back of the
boring log or on a separate sheet, for field use.

851 Soil Classification

e Identify site name, boring number, pbnumber.m Elevamandwaierleveldahbbeontefed
when surveyed data is available.

° mwmmmmmm Enter depth sample was taken from
- (1 block = 1 foot). Fractionsl footages, Le., change of ithology at 13.7 fest, shall be Ened off at the
proportional location between the 13- and 14-foot marks. Enter biow counts (Standard Penetration
Resistance) diagonally (ss shown). WMWQanm Cais

*  Determine sampie recovery/sample length as shown. Measurs the total lengh of sample recoversd. -
from the spit-spoon sampler, including material in the drive shoe. Donothcubwuhgsorm

material that may be in the upper portion of the sample tube.

. Indahuyd\amhllhobgybydrawhgalneatmewhhm Forenmple.lfehyeysil
was encountered from 0 10 5.5 feet and shale from 5.5 10 6.0 fest, a ine shall be drawn at this
increment. mmn\aﬁonbhebuhmeonmamm As an aftemative,

symbols may be used to identify each change in kthology.

‘o mmammumwmumdwhuumm
Refer to Density of Granuiar Sofis Chart on back of log sheet. For consistency of cohesive solls refer
also to the back of log sheet - Consistency of Cohesive Soils. Enter this information under the-
appropriate column. Refer to Section §.2.3.

s AR -
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FIGURE 5
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Enter color of the material in the appropriate column.

Describe material using the USCS. Limit this column for sample description only. The predominant
material is described iast. If the primary soil is siit but has fines (ciay) - use clayey sit. Limit soil
descriptors to the following:

-  Trace: 0-10percent
- Some: 11-30percent
- And/Or: 31 - 50 percent

Also indicate under Material Classification if the material is fill or natural soils. Indicate roots, organic
material, etc.

Enter USCS symbol - use chart on back of boring log as a guide. If the soils fall into one of two basic

groups, a borderline symbol may be used with the two symbols separated by a slash. For exampie -

ML/CL or SM/SP.

The following information shall be entered under the "Remarks" column and shall include, but is not
limited by, the following:

- Moisture - estimate moisture content using the following terms - dry, moist, wet and saturated.
These terms are determined by the individual. Whatever method is used to determine moisture,
be consistent throughout the log.

. Angularity - describe anguiarity of coarse grained particles using the terms angular, subangular,

subrounded, or rounded. Refer to ASTM D 2488 or Earth Manual for criteria for these terms.
- Particle shape - fiat, ebndated.oruatand elongated.
- Maximum particle size or dimension.
. w.wmaoumm -] .o T

. mmw -none, weak orstrong. . Celmall o inEs

- lndledepmuuofnh.mofhob wmmfmommmhmm
or gain of water.

- MMWMMWDQW(PID)GMMM(HD)MI

spplicable. <

- lndbabuwdmhlﬂmdogybydnwﬁuahmmmmmm
mmmommwmmonmm-n__

. At the botion of the page indicats type of rig, driling methdd, ' hammer etzs add drop, and any -
omerusdulmﬂ\ation(u borehole size, MMWHMM ae

Lo,

consiructed, - :
.,f;...,....,; N v:-" f._.,.{.’
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- Vertical lines shall be drawn (as shown in Figure 5) in columns 6 to 8 from the bottom of each
sample to the top of the next sample to indicate consistency of material from sample to sample, if
the material is consistent. Horizontal lines shall be drawn if there is a change in lithology, then
vertical lines drawn to that point

- Indicate screened interval of well, as needed, in the lithology column. Show top and bottom of
screen. Other details of well construction are provided on the well construction forms.

88.2 Rock Classification

Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate core run
depths by drawing coring run lines (as shown) under the first and fourth columns on the log sheet
Indicate RQD, core run number, RQD percent, and core recovery under the appropriate columns.

Indicate lithology change by drawing a line at the appropriate depth as explained in Section 5.5.1.

Rock hardness is entered under designated column using terms as described on the back of the log
or as explained earlier in this section.

Enter color as determined while the core sample is wet; if the sample is cored by air, the core shall be
scraped clean prior to describing color.

Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks use terms as
described in Section 5.3. Again, be consistent in classification. Use modifiers and additional terms
as needed. For ignecus and metamorphic rock types use terms as described in Soqtions §.3.8.

Enter brokenness of rock or degree of fracturing under the appropriate column using symbols VBR,
BR, BL, or M as explained in Section 5.3.5 and as noted on the back of the Boring Log.

The following information shall be entered under the remarks column. Items shall inciude but are not
limited to the foflowing:

- mmammmmmmwbmm(mna
high, low), i.e., 70° angle from horizontal, high angle.

- mammwdwmam

- Indicate any loss or gein of drill water.

- indicate drop of drilt toois or change in color of drill water.

Remarks at the bottom of Boring Log shafl include:

"= Type and size of core obtained.

- Depth casing was set.
- Type of rig used.

As 8 final check the boring log shail include the following:

- Vertical lines shall be drawn as explained for soil classification to indicate consistency of bedrock
material.

- If applicsble, indicate screened interval in the ithology column. Show top and bottom of screen.
Other detaiis of well construction are provided on the well construction forms.

019611P
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583 Classification of Soll and Rock from Drill Cuttings

The previous sections describe procedures for classifying soil and rock sampies when cores are obtained.
However, some driling methods (air/mud rotary) may require classification and borehols logging based on
identifying drill cuttings removed from the borshole. Such cuttings provide only general information on
subsurface Ethology. Some procedures that shall be followed when logging cuttings are:

o Obtain cutting samples at approximately S-foot intervals, sieve the cuttings (if mud rotary drilling) to
obtain a cleaner sample, place the sampie into a small sample bottie or "zip lock® bag for future
referance, and label the jar or bag (i.e. hole number, depth, date, etc.). Cuttings shall be closely
examined to determine general lithology.

o Note any change in color of driling fluld or cuttings, to estimate changes In lithology.

o Note drop or chattering of drifling tools or @ change in the rate of drilling, to determine fracture
locations or lithologic changes.

e Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify potential
fracture zones.

* Record this and any other useful information onto the boring log'as provided in Figure 1.

This logging provides a general description of subsurface lithology and adequate information can be
obtained through careful observation of the drilling process. [t is recommended that spit-barrel and rock
core sampling methods be used at selected boring locations during the fleid investigation to provide
detailed information to supplement the less detailed data generated through borings drilled using air/mud
rotary methods.

58 Review

Upon completion of the borings logs, copies shall be made and reviewed. Hems o be reviewed inciude:

o Checking for consislency ofalllogs. L st e

QMWWQNM e e L
Mbm“thMhmmmwm

60 REFERENCES .. TURTIRNN
Unified Soll Classification System (USCS).

ASTM D2488, 1885.

Earth Manual, U.S. Department of the Interior, 1974,

7.0 RECORDS . TA e ke IR v L

Originals of the boring logs shall be retained in the project flles.
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10 PURPOSE

The purpose of this procedure is to provide general reference information regarding the sampling of
groundwater weils.

20 SCOPE

This procedure provides information on proper sampling equipment, onsite water quality testing, and
techniques for groundwater sampling. Review of the information contained herein will faciiitate planning
of the field sampling effort by describing standard sampling techniques. The techniques described shall
be followed whenever applicable, noting that site-specific conditions or project-specific plans may require
modifications to methodology.

3.0 GLOSSARY

Conductivity — Conductivity is a numerical expression of the ability of an aqueous solution to cany an
electric current.  This ability depends on the presence of ions, their total concentration, mobility, valence,
and relative concentrations, and on temperature of measure. Conductivity is highly dependent on
temperature and should be reported at a particular temperature, i.e., 20.2 mS/cm at 14C.

Dissolved Oxygen (DO) - DO levels in natural and wastewater depend on the physical, chemical, and
biochemical activities in the water sample.

Oxidation-Reduction Potential (ORP) - A measure of the activity ratio of oxidizing and reducing species as
determined by the electromotive force developed by a noble metal electrode, immersed in water, as
referenced against a standard hydrogen electrode.

pH - The negative logarithm (base 10) of the hydrogen ion activity. The hydrogen ion activity is related to
the hydrogen ion concentration, and, in a relatively weak solution, the two are nearly equal. Thus, for all
practical purposes, pH is a measure of the hydrogen ion concentration.

pH Paper - Indicator paper that turns different colors depending on the pH of the solution 1o which it is

mmmwwwmmﬂmmmma

mh-mmdmmwm lhhmd

sists In 3 ghven mass of solution. Nole: mwmmﬂwm
from conduclivity and femperature. mwmwlbodsphyedhdnwpuhnmm
(ppt) or % (e.g:. 35 ppt will equal 3.5%).
m-rmhmhmwmmm.Maw.slhmmmm
matier. Turbidily is an expression the optical property that causes light 10 be scatiered and absorbed
rather than transmitted in a straight line through the sample.

4.9 RESPONSIBILITIES

Project Hydrogeclogist - Responsible for selecting and detailing

techniques, onsite water quality testing (type, frequency, and locstion), and equipment to be , and
MWWhﬂmbhmpﬁnm The project hydrogeoclogist is also
responsible for properly briefing and overseeing the performance of the site .

|
;
i
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Project Geologist - is primarily responsible for the proper acquisition of the groundwater samples. He/she
is also responsible for the actual analyses of onsite water quality samples, as well as instrument
calibration, care, and maintenance. When appropriate, such responsibilites may be performed by other
qualified personnel (e.g., field technicians).

5.0 PROCEDURES
81 General

To be useful and accurate, a groundwater sample must be representative of the particular zone of the
water being sampled. The physical, chemical, and bacteriological integrity of the sample must be
maintained from the time of sampling to the time of analysis in order to keep any changes in water quality
parameters to @ minimum.

Methods for withdrawing samples from completed wells include the use of pumps, compressed air,
bailers, and various types of sampiers. The primary considerations in obtaining a representative sample
of the groundwater are to avoid collection of stagnant (standing) water in the well and to avoid physica! or
chemical alteration of the water due to sampling techniques. In a non-pumping well, there will be little or
no vertical mixing of water in the well pipe or casing, and stratification will occur. The well water in the
screened section will mix with the groundwater due to normal flow pattems, but the well water above the
screened section will remain isolated and become stagnant. To safeguard against collecting non-
representative stagnant water in a sample, the following approach shall be followed prior to sample
acquisition:

1. All monitoring wells shall be purged prior to obtaining a sample. Evacuation of three to five
volumes is recommended prior to sampling. In a high-yielding groundwater formation and where
there is no stagnant water in the well above the screened section, extensive evacuation prior to
sample withdrawal is not as critical.

2 For wells that can be purged dry, the well shall be evacuated and allowed 10 recoVer prior 10
sample acquisiion. If the recovery rale is falry rapid, evacuetion of more then one volume of
water is required.

3 Fammmwmmmuwbmfum;bmm
safeguard against contaminating the sample with stagnant water. One of the following techniques
shail be used 1o minimize this possibility:

o A submersible pump or the intake line of a surface pump or bailer shall be placed just below
the water surface when removing the stagnant water and lowered as the wster level drops.
Thres to five volumes of water shall be removed to provide reasonable assurance that all
stagnant water has been evacuated. Once this is accomplished, aboieroro(herapptwed
device may be used to coflect the sample for analysis.

. mmmdhmﬂmm(aNMpmMMbowmu
bottom of the screened section, and approximately one casing volume of water shall be
pumped_from the well at a low purge rate, equal to the well's recovery rate (low flow

sampiing).

Stratification of contaminants may exist in the aquifer, Conceniration gradients as & resut of mixing snd
dispersion processes, layers of variable permeability, and the presence of separate-phase product (l.e.,

019611°
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floating hydrocarbons) may cause stratification.  Excessive pumping or improper sampling methods can
dilute or increase the contaminant concentrations in the recovered sample compared to what is
representative of the integrated water column as it naturally occurs at that point, thus the result is the
coliection of a non-representative sample.

8.2 Sampling, Monitoring, and Evacuation Equipment

Sample containers shall conform with the guidelines expressed in SOP SA-8.1.

The following equipment shall be on hand when sampling groundwater wells (reference SOPs SA-6.1 and
SA-7.1).

o Sample packaqing and shipping equipment - Coolers for sampile shipping and cooling, chemical
preservatives, appropriate sampling containers and filler, ice, labels and chain-of-custody documents.

+ Field tools and instrumentation - Multi-parameters water quality meter capable of measuring ORP,
pH, temperature, DO, specific conductance, turbidity and salinity or individual meters (as applicable),
pH paper, camera and film (if appropriate), appropriate keys (for locked wells), engineer's rule, water
level indicator.

¢ Pumps

- Shallow-well pumps: Centrifugal, bladder, suction, or peristaltic pumps with droplines, air-ift
apparatus (compressor and tubing) where applicable.

- Deep-wel pumps: Submersible pump and electrical power-generating unit, or bladder pumps
where appiicable.

o Other sampling equipment - Bailers and inert line with tripod-pufley assembly (if necessary).
« Palls - Plastic, graduated.

¢ Decontamination solutions - Deionized water, potable water, laborgiory deterpents, 10% nitric acid
solution (se required), and analyfical-grade solvent (¢.g., pesticide-grade lsopropanol), 83 required.

" Idesly, sample whdrawal equipment shal be complelely Inert, economical easly cleaned, cleaned prior

meﬂbMdMaﬁuhhmdmm“wa
delivering variable rales for well purging and sample colleclion. .- R o

83 c:lwllllon- of Well Volume

To insure that the proper volume of water has been removed from the well prior 1o sampiing & is first
necessary 1o know the volume of standing water in the well pips. This volume can be eeslly caiculated by
the following method. mwumthmwmuWMMmaum
log sheet form (see SOP SA-8.3)

. mumm«mwmmmmmxx

o Deterrrﬁnenlorwhgm

. Mmmuﬂmwdshﬂcvshrw(depmuwmmuabpdmmm
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+ Determine depth of well by sounding using a clean, decontaminated, weighted tape measure.

e Calculate number of linear feet of static water (total depth or length of well pipe minus the depth to
static water level).

« Cakulate one static well volume in gallons V = (0.163 XT ),3)1

where: V = Static volume of well in gallons.
T= Thickness of water table in the well measured in feet (i.e., linear
feet of static water).
r = Inside radius of well casing in inches.
0.163 = A constant conversion factor which compensates for the

conversion of the casing radius from inches to feet, the
conversion of cubic feet to gallons, and pi.

e Per evacuation volumes discussed above, determine the minimum amount to be evacuated before
sampling.

5.4 Evacuation of Static Water (Purging)

54.1 General

The amount of purging a well shall receive prior to sample collection will depend on the intent of the

- monitoring program and the hydrogeologic conditions. Programs to determine overall quality of water
resources may require long pumping periods to obtain a sample that is representative of a large volume of
that aquifer. The pumped volume may be specified prior to sampling so that the sample can be a
composite of a known volume of the aquifer. Alternately the well can be pumped until the parameters
such as temperature, specific conductance, pH, and turbidity (as applicable), have stabilized. Onsite
mnmmmnmmmmmmmutmwmmmm
ahndudﬁod ddl M -

The folowing discussion s lmited 1o those devices commonly used st hazardous ‘waste shes.
Aftachment A provides guidance on the proper evacuation device to use for given sampling situstions.
Note that all of these techniques invoive equipment which is portable and reedily aveilable.

Ballers '
mmmmmm«vmmwmmm They generally consist of
8 length of pipe with a sealed bottom (bucket-type bailer) or, as is more useful and favored, with a ball
check-vaive at the bottom. annogmdbmmbﬁqmmmw. .

Advantages of ballers include:

o Few imitations on size and materials used for ballers.
¢ No external power source needed.
« - Bailers are inexpensive, and can be dedicated and hung in a well 10 reduce the chances of cross-
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o Thers is minimal outgassing of volatile organics while the sample is in the bailer.
+ Bailers are relatively easy to decontaminate.

Limitations on the use of bailers include the following:

o [tis time consuming to remove stagnant water using a bailer.

o Transfer of sample may cause aeration,

o Use of bailers is physically demanding, especially in warm temperatures at protection levels above
Level D.

Suction Pumps

There are many different types of inexpensive suction pumps including centrifugal, diaphragm, and
peristaltic pumps. Centrifugal and diaphragm pumps can be used for well evacuation at a fast pumping
rate and for sampling at a low pumping rate. The peristaitic pump is a low volume pump that uses rollers
to squeeze a flexible tubing, thereby creating suction. This tubing can be dedicated to a well to prevent
cross contamination.

These pumps are all portable, inexpensive and readily available. However, because they are based on
suction, their use is restricted to areas with water levels within 20 to 25 feet of the ground surface. A
significant limitation is that the vacuum created by these pumps can cause significant loss of dissolved
gases and volatile organics.

Air-Lift Samplers

This group of pump samplers uses gas pressure either in the annulus of the well or in a venturi to force
the water up a sampling tube. These pumps are aiso relatively inexpensive. Alr (or gas)-ift samplers are
more sultable for well development than for sampling because the samples may be aerated, laadingeopH
changes and subsequent trace metal precipitation, oclouofvolaﬁborgm

Submersibie Pumps .
smmimhmauﬁuwupammbum;mm;,_
sources for thees samplers mey be compressed gas or eleckricy. The operation principles vary and the
mdhumhmbbymmm siding piston; v
mmwmmzmmmm mmmmmmm
Limitations of this ciass of pumps include: L

They may have low delivery rates.

i
He
i
i

e Decontamination of intemal components can be difficult and Sme-consuming.
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8.5 Onsite Water Quality Testing

This section describes the procedures and equipment required to measure the following parameters of an
aqueous sample in the fleid:

pH

Specific Conductance

Temperature

Dissolved Oxygen (DO)

Oxidation Reduction Potential (ORP)

Certain Dissolved Constituents Using Specific lon Elements
Turbidity

Salinity

This section is applicable for use in an onsite groundwater quality monitoring program to be conducted at
a hazardous or nonhazardous site. The procedures and equipment described are applicable to
groundwater samples and are not, in general, subject to solution interferences from color, turbidity, and
colloidal material or suspended matter.

This section provides general information for measuring the parameters listed above with instruments and
techniques in common use. Since instruments from different manufacturers may vary, review of the
manufacturer's literature pertaining to the use of a specific instrument is required before use.

5.8.4 Measurement of pH
55.1.1 General
Measurement of pH is one of the most important and frequently used tests in water chemistry. Practically

every phase of water supply and wastewater treatment such as acid-base neutraiization, water softening,
andeotmbneonmbpb-ldepem Likewise, the pH of lsachate can be correlated with other

and the pH meter
mbmded. The response of a pH meter can be affecled 1o & siight degree by high levels of

5512 MQM

Uadpﬂmmbfpﬂmmmemmmadmmcﬁmmbyhldﬂyuuuhlyd
the solution created by the addition of the water sample reacting with the indicator compound on the
paper. Various types of pH papers are available, including itmws (for general acidity or alialinity
determination) and specific pH range hydrion paper.

019611°
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Use of a pH meter relies on the same principle as other lon-specific electrodes. Measurement relies on
establishment of a potential difference across a glass or other type of membrane in response to (in this
instance, hydrogen) ion concentration across that membrane. The membrane is conductive to ionic
species and, in combination with a standard or reference electrode, a potential difference proportional to
the ion concentration is generated and measured.

55.1.3 Equipment
The following equipment is needed for taking bH measurements:

¢ Stand-alone portable pH meter, or combination meter (e.g., Horiba U-10), or combination meter
equipped with an in-ine sample chamber (e.g., YSI 610).

¢+ Combination electrode with polymer body to fit the above meter (altemately a pH electrode and a
reference electrode can be used if the pH meter is equipped with suitable electrode inputs).

+ Buffer solutions, as specified by the manufacturer.
o pH indicator paper, to cover the pH range 2 through 12.
o Manufacturer's operation manual.

55.14 Measurement Techniques for Field Determination of pH

pH Meter

The following procedure is used for measuring pH with a pH meter (meter standardization is according to
manufacturer’s instructions):

. |mpeamemwmwbauemspﬂormhmdmmm

. MNMO’NWMM&MM msomomneedbbe

Wmnuomawwwbmm - E T

L Fel BT L D, s o A WD T

. HMMmJWMﬂNWO)ndemw
um*mmmmumn

R = : gz e J-»h xww ‘ﬁ‘i

»

. Gnlbnhmaﬂyuohuh(wamwmmmm
MRMMMmmWMMM e

. manhum Moﬁnhyhmbouﬂhpﬂm Shbhatbn .
may take severs! seconds 1o minutes. if the pH continues 10 driR, 0 sample femperature may not be
stable, a physical reaction (e.g., degassing) may be taking place in the sample, or the meter or
electrode may be malfunctioning. mhmuubodeuunobdhﬂnmook

. Rudmdncotdﬂnpl-loﬂhesampb pHlebemocdodbmonwwomwul Al:oneord
mmmm calae g .

«  Rinse the eiectroda(s) with deionized water. | Ly e L
o Store the elactrode(s) in an appropriate manner when not in use.

e P “
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Any visual observation of conditions which may interfere with pH measurement, such as oily materials, or
turbidity, shall be noted.

pH Paper

Use of pH paper is very simple and requires no sample preparation, standardization, etc. pH paper is
available in several ranges, including wide-range (indicating approximately pH 1 to 12), mid-range
(approximately pH 0 to 6, 6 to 9, 8 to 14) and narrow-range (many available, with ranges as narrow as
1.5 pH units). The appropriate range of pH paper shall be selected. If the pH is unknown the
investigation shall start with wide-range paper and proceed with successively narrower range paper until
the sample pH is adequately determined.

5.5.2 Measurement of Specific Conductance
5.5.2.1 General

Conductance provides a measure of dissolved ionic species in water and can be used to identify the
direction and extent of migration of contaminants in groundwater or surface water. It can aiso be used as

a measure of subsurface biodegradation or to indicate alternate sources of groundwater contamination.

Conductivity is @ numerical expression of the ability of a water sample to carry an electric current. This
value depends on the total concentration of the ionized substances dissolved in the water and the
temperature at which the measurement is made. The mobility of each of the various dissolved ions, their
valences, and their actual and relative concentrations affect conductivity.

it is important fo obtain a specific conductance measurement soon after taking a sample, since
temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all affect the
specific conductance.

5622  Prnciles of Equipment Operation

An aqueous sysiem containing lons will conduct an electric current. In a direct-current field, the positve
mmmmmmmumwwmmwum
electrode. Most inorganic acids, bases and salts (such as hydrochioric acid, sodium carbonats, or sodium
chioride, respeciively) are relatively good conductors. Conversely, organic compounds such s sucrose
or benzene, which do not dissociate in aqueous solution, conduct a current very poorly, f at all.

A conductance cell and a Wheatstone Bridge (for the measurement of polential difference) may be used
for measurement of slectrical resistance. The ratio of current applied fo voltage across the cell may also
be used as a measure of conductance. The core element of the apperatus is the conductivity cell
containing the solution of interest. Depending on ionic strength of the aqueous solution 10 be tested, a
potential difference is developed across the cell which can be converted directly or indirectly (depending
on instrument type) 1o a measurement of specific conductance.

019811P
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5523 Equ t

The following equipment is needed for taking specific conductance (SC) measurements:

+ Stand alone portable conductivity meter, or combination meter (e.g., Horiba U-10), or combination
meter equipped with an in-line sample chamber (e.g., YSI 810).
Calibration sokstion, as specified by the manufacturer,
Manufacturer’s operation manual.

A variety of conductivity meters are available which may aiso be used to monitor salinly. and temperature.
Probe types and cable lengths vary, so equipment must be obtained to meet the specific requirement of
the sampling program.

5524 Measurement Techniques for Specific Conductance

The steps involved in taking specific conductance measurements are listed below (standardization is
according to manufacturer's instructions):

e Check batteries and calibrate instrument before going into the field.

« Calibrate on a daily use basis (or as recommended by manufacturer), according to the manufacturer's
instructions and record all pertinent information on an equipment calibration log sheet. Potassium
chioride solutions with a SC closest to the values expected in the field shall be used for calibration.
Attachment B provides guidancs in this regard.

« Rinse the cell with one or more portions of the sample to be tested or with deionized water.

. lnvnersemeebdrodehmesamplelndmasuromeconducbvny Ad;usw\etemperaunsemngb
the sample temperature (if spplicable).

¢ Read and record the results in a field logbook or sample log sheet.
* Rinse the eleckrode with deionized water. T T ot oLl

ummmmmmmum«mu~
mummmnm . .

583.1 Genersi

———

hmmmmmmmmuammudumdw
action in a water sample. [t can siso be used to trace the flow direction of contaminated groundwater.
Temperaﬁnmnhshalbeﬁmnhsm.auquiddyumhhum Coloebdvnhr
ammmmmmwmdmm S ERL &

A e SAIGCI N T NG LR B el W e - |
5532  Equipment '

Temperature messurements may be taken with aicohol-ioluene, mercury filled or dial-iype thermometers.
In addition, various meters such as specific conductance or dissolved axygen meters, which have
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temperature measurement capabilities, may aiso be used. Using such instrumentation along with suitabie
probes and cables, in-situ measurements of temperature at great depths can be performed.

5833 Measurement Techniques for Water Temperature

If a thermometer is used to determine the temperature for a water sample:

« Immerse the thermometer in the sample until temperature equilibrium is obtained (1-3 minutes). To
avoid the possibility of cross-contamination, the thermometer shall not be inserted into samples which
will undergo subsequent chemical analysis.

« Record values in a field logbook or sample log sheet.

If a temperature meter or probe is used, the instrument shall be calibrated according to manufacturer's
recommendations.

554 Measurement of Dissolved Oxygen
554.1 General

Dissolved oxygen (DO) levels in natural water and wastewater depend on the physical, chemical and
biochemical activities in the water body. Conversely, the growth of many aquatic organisms as well as
the rate of corrosivity, are dependent on the dissolved oxygen concentration. Thus, analysis for dissolved
oxygen is a key fest in water pollution and waste treatment process control. If at all possible, DO
measurements shall be taken in-situ, since concentration may show a large change in a short time if the
sample is not adequately preserved.

The monitoring method discussed herein is imited to the use of dissolved oxygen meters only. Chemical
methods of analysis (i.e., Winkler methods) are available, but require more equipment and greater sample
manipulation. Furthermore, DO meters, using 8 membrane electrode, are suitable for highly poliuted
waters, because the probe is completely submersible, mdlsnotmpﬁh\abhmauudby
mmwm«wm

554.2 Pml“ dwmmom

Wmmmmmmmmmmmmmm«
different nobility immersed in an electrolyte. The electrolyte is retained by an oxygen-permeable
membrane. mmanwmmm;-mammm When 3 suitsble
mwmmmmmmambwmmwmmumm
surface.’ An elecirical current is developed thet is directly proportional 1o the rate of arrival of oxygen
molecules at the cathode.

Sincs the current produced in the probe is directly proportionsl to the rate of amival of oxygen st the
cathode, R is important that a fresh supply of sample always be in contact with the membrane. Otherwise,
the oxygen'in the aqueous layer siong the membrane is quickly depletsd and false low readings are
oblained. it is therefore necessary to stir the sample (or the probe) constantly to maintain fresh solution
near the membrane interface. Stiring, however, shall not be so vigorous that addtional oxygen is
introduced through the air-water interface st the sample surface. To avoid this possibifity, some probes
are equipped with stirers 1o agitate the solution near the probe, while leaving the surface of the solution
undisturbed. - , . S

01981148

Tetrs Tech NUS, inc.



Subject Number Page
GROUNDWATER SAMPLE SA-1-1 12 of 27
ACQUISITION AND ONSITE —

WATER QUALITY TESTING e e 00

Dissolved oxygen probes are relatively unaffected by interferences. Interferences that can occur are
reactions with oxidizing gases (such as chiorine) or with gases such as hydrogen sulfide, which are not
easily depoiarized from the indicating electrode. If a gaseous interference is suspected, it shall be noted
in the fleld log book and checked if possible. Temperature varistions can aiso cause interference

becsuse probes exhibit temperature sensitivity. Automatic temperature compensation is normally
provided by the manufacturer.

5543 Equipment

The following equipment is needed to measure dissolved oxygen concentration: t

e Stand alone portable dissolved oxygen meter, or combingtion meter (e.g., Horiba U-10), or
combination meter equipped with an in-line sample chamber (e.g., YS! §10).

e Sufficient cable to allow the probe to contact the sample.

o Manufacturer's operation manual.

5544 Measurement Techniques for Dissolved Oxygen Determination

Probes differ as to specifics of use. Follow the manufacturer's instructions to obtain an accurate reading.
The following general steps shall be used to measure the dissolved oxygen concentration:

o The equipment shall be calibrated and have its batteries checked before going to the field.

* The probe shall be conditioned in a water sample for as long a period as practical before use in the
field. Longpubdsddqﬂomgeblowedbyshoﬂpeﬂodsdusohheﬁddmymunhhmm
readings.

o The instrument shail be calibrated in the field according to menufacturer's recommendations orin a
freshly air-saturated water sample of known temperature. Dissolved oxygen vaiues for air-ssturated
mmuamwmamu&qmmuamaw

- and salinity (ses Attachment C).. D B OB L e e e o :
mm;m S PRI B S T PR SN *QQ
. mammm&nmmwmm

*  Rinse $he probe with delonized waler. . B
o - Immerse the probs in the sample. umbmumm’mmm”n‘.n” s ae
the sample. Probes without stirmers piaced in wells can be moved up and down. . m

. MNMWmedgp,‘nﬂhhmw'w“m -

. mmmmmmmm

. nmummmmm.pua’a,’“ m romumm&.é.

% U
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Note that in-situ placement of the probe is preferable, since sample handling is not involved. This
however, may not always be practical. Be sure to record whether the liquid was analyzed in-situ, or if a
sample was taken.

Special care shall be taken during sample collection to avoid turbulence which can lead to increased
oxygen solubilization and positive test interferences.

§8.5 Measurement of Oxidation-Reduction Potential
5.5.5.1 General

The oxidation-reduction potential (ORP) provides a measure of the tendency of organic or inorganic
compounds to exist in an oxidized state. The ORP parameter therefore provides evidence of the
likelihood of anaerobic degradation of biodegradable organics or the ratio of activities of oxidized to
reduced species in the sample.

§.5.5.2 Principles of Equipment Operation

When an inert metal electrode, such as platinum, is immersed in a solution, a potential is developed at
that electrode depending on the ions present in the solution. If a reference electrode is placed in the
same solution, an ORP electrode pair is established. This electrode pair allows the potential difference
between the two electrodes to be measured and is dependent on the concentration of the ions in solution.
By this measurement, the ability to oxidize or reduce species in solution may be determined.
Supplemental measurements, such as dissolved oxygen, may be correlated with ORP to provide a
knowledge of the quality of the solution, water, or wastewater.

5553 Equipment

The following equipment is needed for measuring the oxidation-reduction potential of a solution:
Portable pH meter or equivaient, with a millivolt scale. -

Platinum electrode 1o fit above pH meter.

Reference electrode such as s calomel, silver-siiver chioride, oroqulvm
Refomncenomonsapecﬁadbyhmuhcnm -
5554 mmrmnmwmm '

The following procedure is used for measuring oxidstion-reduction potentiak

¢ The equipment shal be cafibrated and have its batteries checked before going 1o the fleid.

e Check that the platinum probe is clean and that the platinum bond or tip is unoxidized. If dirty, polish

with emery paper or, ¥ necessary, clean the elecirode using aqua regis, nitric acki; or chromic acid, in *

accordance with manufacturer's Instructions.

o Thoroughly rinse the electrode with delonized water.

s . Verify the sensitivity of the electrodes by noting the change in milivolt reading when the pH of the test
solution is aitered. The ORP will increase when the pH of the test solution decreases, and the ORP

019811P
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will decrease if the test solution pH is increased. Place the $ample in a clean container and agitate
the sample. Insert the electrodes and note the ORP drops sharply when the caustic is added (i.e., pH
is raised) thus indicating the electrodes are sensitive and operating properly. If the ORP increases
sharply when the caustic is added, the polarity is reversed and must be corrected in accordance with
the manufacturer's instructions. If the ORP does not respond as above when the caustic is added,
the electrodes shall be cleaned and the above procedure repeated.

o After the assembly has been checked for sensitivity, wash the electrodes with three changes of water
or by means of a flowing stream of deionized water from a wash bottie. Piace the sample in a clean
container and insert the electrodes. Set temperature compensstor throughout the measurement
period. Read the millivolt potential of the solution, allowing sufficient time for the system (o stabilize
and reach temperature equilibrium. Measure successive portions of the sample until readings on two
successive portions differ by no more than 10 mV. A system that is very siow to stabilize property will
not yleld a meaningful ORP. Record all results in a fleid logbook or sample logsheet, including ORP
(to nearest 10 mV), sample temperature and pH at the time of measurement.

558 Measurement of Turblidity

556.6.1 General

Turbidity is an expression of the optical property that causes light to be scattered and absorbed rather
than transmitted in a straight fine through the sample. Turbidity in water is caused by suspended matter,
such as clay, silt, finely divided organic and inorganic matter, soluble colored organic compounds, and
microscopic organisms, including plankton. .

it is important to obtain a turbidity reading immediately after taking a sample, since irreversible changes in
turbidity may occur if the sampie is stored too long.

556.2 Principles of Equipment Operation

. The _

" nephelometric units. This same suspension has an approximels turbidily -of 40 Jackson unlts when
turbidmeter. Therefore, turbidily units (NTU) based on the

e e S S S s T

i
|
?
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The foliowing equipment is needed for lurbuy.memmm: LrooaRs X wmvs»~ =
« Stand slone portable turbidity meter, or combinafion meter (e.g., Horiba U-10), or combination meker
equipped with an in-ine sample chamber (e.g., YS! 81). - : i w .

. iy e .
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o Calibration solution, as specified by the manufacturer.
¢ Manufacturer's operation manual.

55.6.4 Measurement Techniques for Turbidity

The steps involved in taking turbidity measurements are listed below (standardization is according to
manufacturer's instructions):

o Check batteries and calibrate instrument before going into the field.
e Check the expiration date (etc.) of the solutions used for field calibration.

» Calibrate on a daily use basis, according to the manufacturer's instructions and record all pertinent
information on an equipment calibration log sheet.

¢ Rinse the cell with one or more portions of the sample to be tested or with deionized water.

e Immerse the probe in the sample and measure the turbidity. The reading must be taken immediately
as suspended solids will settle over time resuiting in a lower, inaccurate turbidity reading.

o Read and record the results in a field logbook or sample log sheet Include a physica! description of
the sample, including color, qualitative estimate of turbidity, etc.

. Rin#e the electrode with deionized water.

557 Measurement of Salinity

5.5.7.1 General

Salinity is a unitiess property of industrial and natural waters. it is the measurement of dissoived salls in a
given mass of solution. Nols: Most fleld meters determined salinky automatically from conductivity and
tomperature. mwmnuwhmmmmmux(og aspp:
wiloqwla.ﬂ‘). :

§572  Principles 'dm' nent Operation

Salinily is determined autometicaily from the meter's conductivity and temperature readings according to
aigorithms (found in Standard methods for the Examination of Water and Wastewater). Depending on the
meter, the results sre dispiayed in either ppt or %. mmum”mmmm
to the conductivity of standard seawater (corrected fo S = 35).

§.5.7.3 Equipment

The following equipment is needed for Salinity measurements:

o Muli-parameter water quaiity meter capable of measuring conductive, temperature and converting
them to salinity (e.g., Hor